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Dr. Wallin is convinced after seven years of 
intensive experimental work that symbionti- 
cism is the answer. The reasons for his faith 
are set forth in his book. He concludes that: 


The minute bodies in the cell known as 
mitochondria, are living organisms, similar 
in behavior to bacteria. 


Mitochondria are capable of growth in a 
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— and the host has definite physiological 
INDEX results. 
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MORPHOLOGICAL STUDIES ON THE GALL-BLADDER' 


Il. Tae “True Luscaxa Ducts” AND THE “ROKITANSKY-ASCHOFF 
SINUSES” OF THE HuMAN GALL-BLADDER 


BELA HALPERT 
From the Department of Anatomy, Johns Hopkins University 


Microscopic examination of human gall-bladders, removed by surgi- 
cal operation, reveals certain epithelial-lined structures almost con- 
stantly present in the perimuscular layer. In the literature there is 
some confusion as to the origin and character of these structures. 
The present investigations by the writer show that certain of these 
are aberrant bile-ducts, or “true Luschka ducts,” and that others are 
fundi of deeper outpouchings of the gall-bladder mucosa, or “Roki- 
tansky-Aschoff sinuses.” The existence of these two definite types of 
structures with microscopic features peculiar to each is demonstrated 
in this paper, and the importance of such a distinction emphasized 
because of the difference in the réle which they may play in certain 


pathological conditions. 


HISTORICAL REMARKS 


Outpouchings of the gall-bladder mucosa towards the external 
layers were first noted by Rokitansky (1842). In the English edition 
(1855, vol. ii, p. 130) of Rokitansky’s Pathological Anatomy “small 
saccular, dilatations of the biliary mucous membrane” are men- 
tioned, in which “small calculi” are occasionally formed and “may 
appear to lie external to the cavity of the gall-bladder.” The German 
edition of 1861 (vol. iii, p. 282) speaks of hernia-like outpouchings, 
Ausbuchtungen, of the gall-bladder mucosa. Rokitansky states that 
these outpouchings or sinuses occur sometimes in large numbers and 
are generally about the size of millet or hemp seeds. Their openings 
into the gall-bladder are usually very small, explaining why the 
dark-colored concretions very often found in them seem to be placed 
between the layers of the gall-bladder wall. 


1 Received for publication June 4, 1927. 
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A more detailed description of outpouchings of the gall-bladder 
mucosa is found in Aschoff’s paper presented before the German Patho- 
logical Society in 1905. In this the mucosa was said to dip down into 
the muscularis in some places, or to extend as finger-like processes 
through the muscular coat into the perimuscular layer. Aschoff 
designated these deeper outpouchings or sinuses of the gall-bladder 
mucosa as the “Luschka ducts’ and emphasized their pathological 
significance especially in connection with biliary stasis in the gall- 
bladder and with the formation of gall-stones. Aschoff’s conception 
of the formation and significance of these sinuses was further elabo- 
rated in a monograph written by Aschoff and Bacmeister, entitled 
“Die Cholelithiasis.” In this the idea of “stasis gall-bladder” 
(Stauungsgallenblase) was introduced and morphological characteristics 
attributed to such a condition of the biliary vesicle were presented. 
One of the main features of these morphological characteristics was 
deepening and widening of the sinuses of the mucosa. 

Almost simultaneously with the publication of the monograph of 
Aschoff and Bacmeister in 1909, Shikinami (1908) and Jurisch (1909) 
reported studies on the microscopic structure of the gall-bladder in 
animals and man, and independently pointed out that the “Luschka 
ducts” of Aschoff were not identical with the structures originally 
mentioned by Luschka. Shikinami, attributing the discovery of the 
deeper outpouchings of the gall-bladder mucosa to Aschoff, named 
them the “Aschoff ducts.’’ Neither Shikinami nor Jurisch identified 
the ducts which Luschka had actually described, i.e., aberrant bile- 
ducts, or as they may best be termed “‘true Luschka ducts.” 

Luschka’s study on the glands of the human gall-bladder was pub- 
lished in 1858. The ducts which he later described in his textbook 
of Anatomy were not mentioned in this paper. It is, however, in- 
teresting to note the method by which this investigation was carried 
out. The mucous membrane was first removed and made transparent 
with acetic acid, then examined on a glass plate held towards the light. 
On the evidence obtained by this rather primitive method Luschka 
estimated the number of glands in the wall of the human gall-bladder 
to vary between 4and 15. The second volume of Luschka’s textbook 
of Anatomy, which appeared in 1863, contained more information 
concerning the structure of the human gall-bladder than any of the 
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contemporary writings. Here Luschka described certain ducts in the 
wall of the gall-bladder, which occurred on both the peritoneal and 
the liver surfaces of the viscus, and which communicated with one 
another in many places, but did not open into the lumen of the viscus 
nor into any of the bile-ducts. Luschka believed that they were 
aberrant bile-ducts and metamorphosed remnants of the embryonic 
primordium of the liver. In Aschofi’s paper of 1905 (footnote on 
page45) the remark is made that aberrant bile-ducts occur only on that 
surface of the gall-bladder which is attached to the liver. Luschka’s 
statement that these structures could also always be found on the 
peritoneal aspect of the gall-bladder induced Aschoff to believe that 
Luschka had incorrectly interpreted as aberrant bile-ducts the fundi 
of deeper outpouchings of the gall-bladder mucosa, the lumina of 
which were not seen to communicate with the lumen of the viscus in 
the section examined. Although the possibility of such a misinter- 
pretation can not be denied entirely, this conception of Aschoff has 
to be modified: first, because there are histological differences between 
an aberrant bile-duct and an outpouching of the gall-bladder mucosa; 
second, because aberrant bile-ducts do occur at times also on the peri- 
toneal surface of the viscus; and third, because neither of these struc- 
tures is found in the wall of every gall-bladder. 

In summarizing the historical data it may be said that deeper out- 
pouchings of the gall-bladder mucosa towards the external layers were 
noted first by Rokitansky (1842), but Aschoff was the first (1905) 
to describe them in terms of modern histology and to call attention 
to their pathological significance. These “Rokitansky-Aschoff sinu- 
ses” are identical with the structures which Rokitansky called “‘hernia- 
like outpouchings of the gall-bladder mucosa,’ which Aschoff de- 
scribed as the ‘“Luschka ducts,” and which Shikinami called later 
(1908) the “Aschoff ducts,” but they are not at all identical with the 
aberrant bile-ducts which Luschka discovered (1863) in the wall of the 
human gall-bladder, z.e., the “true Luschka ducts.” 


THE “TRUE LUSCHKA DUCTS” 


The term “true Luschka ducts” is applied here to duct-like struc- 
tures found occasionally in the periphery of the gall-bladder wall. 
They occur most frequently on the hepatic surface of the viscus 
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(Figs. 1, 4, 10, 13, 14, 17) and usually along the edges of the fossa 
vesicae felleae (Figs. 2, 12). Their frequent association with small 
blood-vessels connected with the liver is conspicuous (Figs. 12, and 
12a). ‘True Luschka ducts,” once found, may usually be followed in 
serial sections for some distance. Changes occurring in the shape and 
number of the lumina are illustrated in Figures 2 to 4—photomicro- 
graphs from longitudinal sections of different parts of the gall-bladder 
of a 38-day-old female infant, and in Figures 5 to 9, taken from trans- 
verse sections near the neck of the gall-bladder of a female infant, 9 
months old. 

In longitudinal sections from near the neck of the gall-bladder of a 
36-day-old female infant, ‘true Luschka ducts” were found in form 
of a chain of small epithelial-lined lumina, surrounded by a cellular 
connective-tissue layer rich in white connective-tissue fibers (Fig. 1). 
The ‘‘true Luschka ducts” have a characteristic wall with the histo- 
logical structure of intrahepatic bile-ducts. The lumen is gener- 
ally less than 0.3 mm. in diameter and is usually lined with a somewhat 
lower columnar epithelium than that of the gall-bladder (Figs. 14, 17, 
18). Surrounding the lining epithelium there is a cellular connective- 
tissue layer rich in circularly arranged white connective-tissue fibers 
(Figs. 12a, 13, 15). Followed in serial sections of the gall-bladder, no 


Fic. 1. “True Luscaxa Ducts’’ In A LONGITUDINAL SECTION FROM NEAR THE 
NECK OF THE GALL-BLADDER OF A FEMALE INFANT, 36 Days OLD 
(DEAD FRoM LuEs, PARTUS PRAEMATURUS). X 80 

A chain of small epithelial-lined lumina are seen in the periphery of the peri- 
muscular layer of the gall-bladder wall on its facies hepatica close to the liver. 
The lining epithelium of these lumina is surrounded by a cellular connective-tissue 
layer rich in white connective-tissue fibers. 


Fics. 2, 3, 4. “True Luscuxa Ducrs’’ 1x LONGITUDINAL SECTIONS FROM 
DIFFERENT PARTS OF THE GALL-BLADDER OF A FEMALE INFANT, 38 
Days (DEAD From LoBAR PNEUMONIA) 


The “true Luschka duct” shown in Figure 2 is situated close to the edge of the 
fossa vesicae felleae (X 14) and is shown again in Figure 3 after it had been fol- 
lowed in serial sections for some distance (X 60). Both of these sections are from 
near the fundus of the gall-bladder. Figure 4 is a section from the proximal half, 
i.e., towards the neck of the gall-bladder, showing a “true Luschka duct”’ opened 
apparently parallel to its longitudinal axis (x 18). 
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matter whether longitudinal (Figs. 2 to 4) or transverse (Figs. 5 to 9), 
the lumina of the “‘true Luschka ducts” are seen often to decrease or 
increase in number, to anastomose with one another or with a bile- 
duct emerging from the liver (Fig. 6), but in none of the cases are any 
of them in communication with the lumen of the gall-bladder. 

The smallest of “‘true Luschka ducts” the writer has seen was found 
in a transverse section from about the middle of the gall-bladder 
of a 39-day-old female infant (Fig. 10). In another section from the 
same gall-bladder (Fig. 11), a small group of liver cells were noted, 
separated from the liver proper by a strand of connective tissue. 
Usually the line of attachment of the gall-bladder to the liver is very 
definite. In some instances, however, such as in the case shown in 
Figure 11, a tiny piece of hepatic tissue consisting of a small islet of 
liver cells is found in the periphery of the perimuscular layer of the 
gall-bladder wall at its extreme border, close to the liver but separated 
from it by a strand of connective tissue. The occasional occurrence 
of these islets of hepatic tissue in the periphery of the perimuscularis 
of the gall-bladder suggests a possible relationship between them and 
the ‘“‘true Luschka ducts.”’ 

In Figures 13 to 19 a few typical “true Luschka ducts” are shown in 
sections from gall-bladders removed by surgical operation. All but 
Figure 19 of these are taken from routine histologic sections from the 


Fics. 5, 6, 7, 8, 9. “True Luscuxa Ducts’ In TRANSVERSE SECTIONS FROM 
NEAR THE NECK OF THE GALL-BLADDER OF A FEMALE INFANT 9 
Montus (DEAD FROM MILIARY TUBERCULOSIS) 


The sections were chosen from a number of serial sections to illustrate the 
changes occurring in the shape and number of the lumina of “true Luschka ducts.”’ 
Of the five figures, the first (Fig. 5) is most distal, the last (Fig. 9) is most proximal 
to the cystic duct. In figure 5 a chain of small and large epithelial-lined lumina 
is seen (X 50), situated in the periphery of the perimuscular layer of the gall- 
bladder wall on its facies hepatica close to the liver. The topographical distribu- 
tion of these “true Luschka ducts’’ is also demonstrated in this figure. (The 
gall-bladder was overdistended by immediate post-mortem injection of formalin. 
As a result of secondary injection the perimuscularis is oedematous and shows 
tremendously dilated lymphatics). The change in the shape and number, as well 
as the topographical relation to one another and to the liver, of the “true Luschka 
ducts” is illustrated in the subsequent figures, i.c., in figures 6, 7, 8 (all x 40) and 
9 (x 26). 
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collection of the Pathological Laboratory of the Boston City Hospital. 
It is interesting to note that the “true Luschka ducts” shown in Figures 
13, 14 and 17 are located beneath the hepatic surface of the gall- 
bladder; those shown in Figures 15, 18 and 19 are situated beneath the 
peritoneal surface of the viscus. The topographical relation of the 
“true Luschka ducts’ to the lumen of the gall-bladder is well illus- 
trated in Figures 15 and 16, and also in Figure 19. In Figure 15 one 
large and two or three smaller epithelial-lined lumina are seen sur- 
rounded by circularly arranged white connective-tissue fibers. It 
may be observed in Figure 16 that the ‘‘true Luschka ducts’ shown in 
the preceding figure are situated in the periphery of the wall of the 
gall-bladder beneath its facies peritonaealis about 7 mm. away from 
the lumen of the viscus. The wall of this gall-bladder is very much 
thickened and oedematous. A diffuse cellular infiltration is present 
in the subepithelial layer, in the intermuscular septa, and in the inner 
zone of the perimuscular layer (tunica fibrosa externa); the peripheral 
zone contains numerous groups of fat cells. A ‘“‘true Luschka duct” 
situated in the periphery of the gall-bladder wall on its peritoneal 
aspect is shown also in Figure 19 which is a transverse section from 


Fic. 10. A SMatt “True Luscuxa Ducr’’ In A TRANSVERSE SECTION FROM 
ABOUT THE MIDDLE OF THE GALL-BLADDER OF A FEMALE INFANT, 39 Days 
Op (DEAD FROM PNEUMONIA, PARTUS PRAEMATURUS). X 390 


Fic. 11. A Smart Group or LIvER CELLS SEPARATED FROM THE LIVER PROPER 
BY A STRAND OF CONNECTIVE TISSUE, IN A SECTION FROM ABOUT THE 
MUDDLE OF THE GALL-BLADDER OF A FEMALE INFANT 39 Days OLD (DEAD FROM 
PNEUMONIA, PARTUS PRAEMATURUS). X 240 


The occasional occurrence of islets of hepatic tissue in the periphery of the 
perimuscular layer of the gall-bladder suggests a possible relationship between 
them and the “true Luschka ducts.” 


Fic. 12. A “True Luscuxa Ducr’’ In CLosE Proximity To A BLoop-VESSEL 
EMERGING FROM THE LIVER, IN A TRANSVERSE SECTION FROM NEAR THE NECK 
OF THE GALL-BLADDER OF A FEMALE INFANT, 3 MontHS OLtp (DEATH FROM 
GASTROENTERITIS). XX 32. Fic. 12a 1s A PART OF THE SAME SECTION MAG- 
NIFIED. X 80 | 


lining epithelium of the “true Luschka duct’’ is especially well marked in this 


The circular arrangement of the white connective-tissue fibers surrounding the 
section. | 
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Fic. 13. A “True LuscHxa Duct’’ IN A TRANSVERSE SECTION FROM NEAR THE 
NeEcK oF A GALL-BLADDER REMOVED FROM A FEMALE PATIENT 
AT THE Boston City Hospirat. X 32 


The duct is situated just beneath the hepatic surface of the gall-bladder and 
about 7 mm. from the gall -bladder lumen. The lumen of the duct is regular, and 
the lining epithelium is intact. There is a well marked circular arrangement of 
white connective-tissue fibers surrounding the epithelial lining. A slight cellular 
infiltration is noted in the wall of the duct. 


Fic. 14. A Group or ““TruE Luscuxa Ducts”’ IN A SECTION OF A GALL-BLADDER 
REMOVED FROM A FEMALE PATIENT AT THE Boston City 
HospiraAt. X 120 

A number of small epithelial-lined lumina are seen situated in the periphery of 
the gall-bladder wall on the hepatic surface, about 6.5 mm. from the lumen of the 
viscus. The gall-bladder wall was very much inflamed, thickened, oedematous 
and full of haemorrhagic infarcts. 


Fics. 15 anp 16. A SMALL Group or “TRUE LuscHKA Ducts’’ From A GALL- 
BLADDER REMOVED FROM A FEMALE PATIENT AT THE 
Boston Ciry Hosprrav 

These figures illustrate the microscopical structure and topographical relation of 
a small group of “true Luschka ducts”’ situated in the periphery of the gall-bladder 
wall on its peritoneal aspect. In Figure 15, one large and two or three smaller 
epithelial-lined lumina are seen surrounded by circuarly arranged white connec- 
tive-tissue fibers (X 55). In Figure 16, the relation of these “true Luschka ducts” 
to the lumen of the gall-bladder is illustrated. It may be observed in this figure 
(X 7) that the “true Luschka ducts’’ shown in the preceding figure are situated 
in the wall of the gall-bladder on its peritoneal aspect at a distance of 7 mm. from 
the lumen of the viscus. The wall of this gall-bladder is very much thickened 
and oedematous. A diffuse cellular infiltration is present in the subepithelial 
layer, in the intermuscular septa, and in the inner zone of the perimuscular layer 
(tunica fibrosa externa) ; the peripheral zone contains numerous groups of fat cells. 


Fic. 17. A “True LuscuKa Ducr’’ BENEATH THE LIVER SURFACE OF A GALL- 
BLADDER, AT A DISTANCE OF 9 MM. FROM THE LUMEN OF THE VISCUS, 
REMOVED FROM A MALE PATIENT AT THE Boston Ciry Hosprrat. X 55 
The wall of this gall-bladder was enormously thickened, showing diffuse cel- 

lular infiltration, oedema, and haemorrhagic infarcts. 


Fic. 18. ONE oF SEVERAL Groups OF “TRUE LuscHKA Ducts’? ENCOUNTERED 
IN THE PERIPHERY OF THE WALL OF A GALL-BLADDER REMOVED FROM 
A FEMALE PATIENT AT THE Boston Hosprrart. xX 110 
This group of ‘“‘true Luschka ducts’’ is situated in the peritoneal wall of the gall- 

bladder at a distance of 8 mm. from the lumen of the viscus. The gall-bladder 

wall was greatly thickened, showing marked cellular infiltration, oedema and 
haemorrhagic infarcts. 
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Fic. 19. A “True Luscayxka Ducr’’ SiruATED IN THE PERITONEAL WALL OF 
THE GALL-BLADDER; IN A TRANSVERSE SECTION FROM THE MIDPORTION OF A 
GALL-BLADDER REMOVED FROM A 40-YEAR OLD FEMALE PATIENT OF THE SCHMIE- 
DEN CLINIC. X 14 


The viscus did not contain biliary calculi. Its wall is thickened, oedematous 
and shows a moderate cellular infiltration in all of its layers. 


Fic. 20. “Rokrransky-AscHorr Srnus’”’ IN A TRANSVERSE SECTION FROM THE 
Mmportion OF A GALL-BLADDER REMOVED FROM A 29-YEAR-OLD 
FEMALE PATIENT OF THE SCHMIEDEN CLINIC. X 40 


The mucosa is seen to dip down between the muscle bundles of which those 
beneath the mucosa are transverse sections of longitudinal bundles; the rest are 
longitudinal sections of oblique or circular bundles. In this section the fundus 
of the outpouching does not penetrate the muscular coat, although the latter has a 
small defect at that place. The viscus contained four large stones about the size 
of cherries and a number of smaller facetted stones. The size and shape of the 
gall-bladder was about normal; its wall, however, was thickened. The lining 
epithelium was fairly well preserved. Hyperaemia of the mucosa, marked oedema 
and cellular infiltration of the subepithelial layer, the intermuscular septa and 
the perimuscular layer were noted. Of the cells making up the infiltration, the 
number of polymorphonuclear leucocytes and eosinophiles was very conspicuous. 
There was a hypertrophy of the muscularis and a marked oedema of the inner 
longitudinal muscle bundles. 


Fic. 21. “ROKITANSKY-ASCHOFF SINUSES’’ IN A TRANSVERSE SECTION FROM NEAR 
THE FuNbDuS OF A GALL-BLADDER REMOVED FROM A 38-YEAR-OLD 
FEMALE PATIENT OF THE SCHLOFFER CLINIC. X 24 


The fundus of one of the deeper outpouchings is situated in the perimuscular 
layer. The communication with the lumen of the viscus is not visible in this sec- 
tion. At another place the mucosa is seen to dip down between the muscle 
bundles and, passing through the muscularis, the tip of the outpouching reaches the 
perimuscular layer. The viscus is extremely contracted, its wall thickened, the 
muscularis hypertrophied. Hyperaemia,a diffuse and dense cellular infiltration, 
and, at places, absence of the covering epithelium are noted in the folds of the mu- 
cosa. The somewhat flattened lining epithelium is, however, well preserved in 
the depths of the crypt-like sinuses. The subepithelial layer is, occasionally, 
especially in locations where the mucosa penetrates the muscularis, almost missing. 
The cellular infiltration of the mucosa continues into the intermuscular septa. 
The accumulation of the infiltrating cells is especially well-marked around the 
fundi of the deeper outpouchings of the mucosa. The perimuscular layer is slightly 
infiltrated, but appears much denser and much thicker than usual. 


89 


90 BELA HALPERT 


about the middle of a gall-bladder removed from a 40-year-old female 
patient of the Schmieden Clinic in Frankfurt am Main. The viscus 
did not contain biliary calculi. Its wall is thickened, oedematous and 
shows a moderate cellular infiltration in all of its layers. 

After some of the morphological characteristics of the ‘‘true Luschka 
ducts” had been determined, an attempt was made to estimate the 
frequency of their occurrence. The information obtained and avail- 
able at present is very scant and somewhat contradictory. In a 
group of 10 gall-bladders of embryos and fetuses ranging from 25 
to 370 mm., no “true Luschka ducts” were found. In a group of 10 
gall-bladders of infants from 1 to 9 months of age their presence was 
noted in 5 cases. In a third group consisting of about 120 gall-blad- 
ders removed by surgical operation from patients between 16 and 75 
years of age, “true Luschka ducts’ were found in only a single case. 


Fic. 22. ““ROKITANSKY-ASCHOFF SINUSES’’ IN A TRANSVERSE SECTION FROM NEAR 
THE NECK OF A GALL-BLADDER REMOVED FROM A 26-YEAR-OLD FEMALE 
PATIENT OF THE SCHLOFFER CLINIC. X 24 


The mucosa is seen to dip down between the muscle bundles at several places. 
Parts of deeper outpouchings of the mucosa, the lumina of which are cut off from 
the lumen of the viscus are seen at three places in this section: two between muscle 
bundles and one in the perimuscular layer. The viscus is contracted, the wall 
thickened. The lining epithelium is fairly well preserved. There is a hyperaemia 
of the mucosa, together with a moderate cellular infiltration in the subepithelial 
layer, while a more marked infiltration occurs in the intermuscular septa and in the 
perimuscularis, where in places the accumulation of cells is very conspicuous. 
The muscularis is hypertrophied. The arrangement of the muscularis into inner 
longitudinal and outer oblique or circular bundles is very distinct. 


Fics. 23 ro 25. ‘“ROKITANSKY-ASCHOFF SINUSES’’ IN LONGITUDINAL SECTIONS 
FROM ABOUT THE MIDDLE OF A GALL-BLADDER REMOVED FROM A 57- 
YEAR-OLD FEMALE PATIENT OF THE SCHMIEDEN CLINIC 


In Figure 23 ( X 24) the mucosa is seen to dip down between the muscle bundles 
forming deep outpouchings towards the external layers of the gall-bladder wall. 
The fundus of one of the two outpouchings, seen in this figure, is situated in the 
perimuscular layer and is wider than the part connecting it with the lumen of the 
viscus. The other outpouching has in this section a rather uniform diameter. 

In Figure 24 ( X 24) one of the ““Rokitansky-Aschoff sinuses”’ has the shape of a 
round-bottomed flask. In this section there is a muscle bundle external to the 
fundus of the outpouching. 
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It should be pointed out, however, that in the prenatal and in the 
infant groups all the gall-bladders were examined in their entire 
length, some of them cut serially; in the surgical group, on the other 
hand, in only about a hundred cases was any definite plan or system 
applied in selecting the part of the gall-bladder taken for microscopic 
examination. In addition to this, a special study was made by Ken- 


In Figure 25 ( X 40) longitudinal sections of longitudinal muscle bundles are seen 
beneath the mucosa. External to these longitudinal bundles, transverse sections 
of rather oblique or circular muscle bundles are found. Embedded in the inter- 
muscular connective tissue a part of a ““Rokitansky-Aschoff sinus’’ is seen. 

The gall-bladder from which these three sections were taken, contained a num- 
ber of various-sized, facetted gall-stones, some of which were as large as cherries. 
The size and shape of the viscus was about normal; the wall, however, appeared 
thickened. Microscopically, a cellular-infiltration is noted in the subepithelial 
layer, in the intermuscular septa and to a lesser degree also, in the perimuscular 
layer. The muscularis is hypertrophied and appears oedematous. A slight 
oedema is noted also in the rest of the layers especially in the perimuscularis. 


Fic. 26. Numerous “ROKITANSKY-ASCHOFF SINUSES”’ IN A TRANSVERSE SECTION 
OF A GALL-BLADDER REMOVED FROM A MALE PATIENT AT THE BosTON 
Crry Hosprrat. 12 


The wall of the gall-bladder is thickened, the epithelium of the mucosa is miss- 
ing in places, due partly to inflammatory processes, partly to late fixation. The 
subepithelial layer, and the intermuscular septa, as well as the perimuscularis, 
show a marked cellular infiltration. Confined to certain small areas, the accumu- 
lation of cells is very dense. The muscularis is slightly hypertrophied. The 
amount of intermuscular connective tissue is increased. The perimuscular layer 
is much thicker and denser than usual. 


Fics. 27 aANp 28. ““ROKITANSKY-ASCHOFF SINUSES”’ IN SECTIONS OF A HyDROPIC 
GALL-BLADDER REMOVED FROM A 35-YEAR-OLD FEMALE PATIENT 
OF THE SCHMIEDEN CLINIC. X 32 


Figure 27 is from near the neck; Figure 28 from near the fundus of the gall- 
bladder which measured about 20 cm. in length and 7 cm. in diameter. It was 
filled with a viscid, white, opaque fluid (white bile) and contained several large 
stones about the size of cherries and about fifty smaller facetted stones. The 
epithelium is well preserved; its cells, however, are flattened at places, especially 
those lining the ‘““Rokitansky-Aschoff sinuses.’’ The wall of the viscus is slightly 
thickened, oedematous, and shows a marked cellular infiltration. The intermuscu- 
lar septa are larger than usual and the slightly hypertrophied muscle bundles 
appear to be pushed apart. 
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neth Mallory and the writer to obtain data concerning the frequency 
of occurrence of “true Luschka ducts”’ in routine histologic sections of 
gall-bladders removed by surgical operation. The available material 
of the Pathological Laboratory of the Boston City Hospital was 
utilized. From the routine histologic sections of nearly 300 gall- 
bladders (from July ist, 1923 to July 31st, 1925), about 200 which 
did not show post-mortem changes were selected. ‘True Luschka 
ducts” were seen in nearly 10 per cent of these cases. It seems futile 
even to attempt to explain the discrepancy of the findings in the two 
groups of surgical material. 

Instances are known in which the gall-bladder has been totally 
embedded in the liver or in which the liver edge covers a larger sur- 
face of the biliary vesicle than usual. The significance of such con- 
ditions in reference to accessory lobes of the liver which lie near or 
on the gall-bladder (literature by Cullen, 1925) and for aberrant bile- 
ducts is more than suggestive. 

Haberland (1926) has recently demonstrated in roentgenograms 
(after injection of opaque masses into the bile-ducts of human cada- 
vers), branches of intrahepatic bile ducts distributed just underneath 
the gall-bladder serosa. It is quite clear that these ducts are probably 
identical with those just described. The plexus of aberrant bile- 
ducts which Boyden (1926) discovered in fetal and adult cats as occu- 
pying “the zone between the adventitia of the gall-bladder and the 
adjacent liver trabeculae,” at intervals “connected with intrahepatic 
ducts through portal canals opening out into the fossa,” are most likely 
homologous with the “true Luschka ducts” of the human gall-bladder. 

Boyden’s studies throw new light on the morphological significance 
and possible origin of these structures. Data on human material 
comparable to that of Boyden not being available at present, no defi- 
nite conclusions can be drawn as to their exact origin. Luschka be- 
lieved that the epithelial-lined structures, termed here “true Luschka 
ducts,’ were aberrant bile-ducts and remnants of the embryonic 
primordium of the liver. The occasional occurrence of liver islets in 
the perimuscular layer of the gall-bladder wall, as described above, 
rather supports this conception of Luschka. It is interesting too, to 
compare Luschka’s idea on the origin of the ‘“‘true Luschka ducts” 
with Boyden’s closing remark: 
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“Whether these arise early in fetal life by peripheral metamorphosis of the he- 
patic trabeculae of the fossa and thus, as it were, represent later generations of tra- 
becular vesicles, or whether they first reach the fossa along the course of the blood 
vessels as extensions of the normal bile-duct plexuses of the portal canals (C/. 
Mall, 1905, and Higgins, 1925) has never been determined. In either event, 
they would take origin from liver-cell cords, if we may believe the recent convinc- 
ing work of Bloom on the normal embryogenesis of human bile capillaries and 
ducts.” 


Inasmuch as the lumina of the ‘true Luschka ducts” are usually 
smaller than three-tenths of a millimeter in diameter there is little 
danger of undesirable clinical complications arising from their injury 
at cholecystectomy. However, the fact that the ‘‘true Luschka ducts”’ 
are most likely embryonic remnants of the liver primordium sug- 
gests that they be considered in investigations concerning the etiol- 
ogy of primary carcinoma of the gall-bladder. 


THE ‘“‘ROKITANSKY-ASCHOFF SINUSES” 


The term ‘“Rokitansky-Aschoff sinuses” (“hernia-like outpouch- 
ings of the gall-bladder mucosa” [Rokitansky, 1842], “Luschka 
ducts” [Aschoff, 1905], ““Aschoff ducts” [Shikinami, 1908], is applied 
here to the deeper outpouchings or sinuses of the gall-bladder mucosa, 
which dip down into the muscularis (Fig. 20) or extend as finger-like 
processes through the muscular coat into the perimuscular layer. 
According to Aschoff, the outpouchings of the mucosa usually pene- 
trate the muscular coat, following the course of the blood vessels in 
the intermuscular septa. Small defects of the muscularis, however, 
are also found having no relation to penetrating blood vessels. 
Through these latter defects the mucosa may similarly protrude under 
certain conditions as can easily be demonstrated in sections cut 
parallel to the surface of the viscus (tangential sections). 

In sections from gall-bladders removed by surgical operation the 
mucosa is often seen to dip down between the muscle bundles without 
really penetrating the muscular coat, although the latter has a small 
defect at that place. This is well illustrated in Figure 20 which is a 
transverse section from the midportion of a gall-bladder removed from 
a 29-year-old female patient in the Schmieden Clinic in Frankfurt am 
Main. The mucosa is seen here to dip down between the muscle 
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bundles, of which those beneath the mucosa are transverse sections of 
longitudinal bundles, the rest being longitudinal sections of oblique 
or circular bundles. The viscus contained 4 large stones about the 
size of cherries and a number of smaller, facetted stones. The size 
and shape of the gall-bladder was about normal; its wall, however, 
was thickened. The lining epithelium was fairly well preserved. 
Hyperaemia of the mucosa, marked oedema and cellular infiltration 
of the subepithelial layer, the intermuscular septa and the perimuscu- 
lar layer were noted. Of the cells making up the infiltration, the 
number of polymorphonuclear leucocytes and eosinophiles was very 
conspicuous. There was a hypertrophy of the muscularis and a 
marked oedema of the inner longitudinal muscle bundles. 

The length, diameter and manner of penetration of the “Roki- 
tansky-Aschoff sinuses’ show infinite variations (Figs. 21 to 28). 
Not infrequently, however, their shape is like that of a round-bottomed 
fask (Figs. 23, 24). The part situated in the perimuscular layer is 
widest (fundus); passing through the muscularis usually in an oblique 
direction, the sinus becomes narrow (collum) but it widens again 
slightly at its entrance (orificium) into the gall-bladder. The find- 
ing that the fundus of the outpouching is generally wider than the 
part connecting it with the lumen of the viscus, and that this con- 
necting part penetrates the muscularis, usually in a more or less oblique 
direction, explains why the communication between the lumen of the 
outpouching and the lumen of the viscus may be absent in several 
histologic sections (Figs. 21, 22, 25, 26). 

A number of peculiarly shaped “Rokitansky-Aschoff sinuses’’ are 
shown in Figure 21 which is a photomicrograph of a transverse section 
from near the fundus of a gall-bladder removed from a 38-year-old 
female patient of the Schloffer Clinic in Prague. The fundus of one 
of the deeper outpouchings is situated in the perimuscular layer. 
The communication with the lumen of the viscus is not visible in 
this section. At another place the mucosa is seen to dip down between 
the muscle bundles, and passing through the muscularis, the tip of 
the outpouching reaches the perimuscular layer. The viscus is 
extremely contracted, its wall thickened, the muscularis hypertro- 
phied. Hyperaemia, diffuse and dense cellular infiltration, and in 
places absence of the covering epithelium are noted in the folds of the 
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mucosa. The somewhat flattened lining epithelium is, however, well 
preserved in the depths of the crypt-like sinuses. The subepithelial 
layer is occasionally, especially in locations where the mucosa pene- 
trates the muscularis, almost missing. The cellular infiltration of the 
mucosa continues into the intermuscular septa. The accumulation 
of the infiltrating cells is especially well marked around the fundi 
of the deeper outpouchings of the mucosa. The perimuscular layer 
is slightly infiltrated, but appears much denser and much thicker than 
usual. 

In a transverse section from near the neck of a gall-bladder removed 
from a 26-year-old female patient of the Schloffer Clinic in Prague, 
shown in Figure 22, the mucosa is seen to dip down between the muscle 
bundles at several places. Epithelial-lined lumina, parts of deeper 
outpouchings of the mucosa, are seen at three places in this section; 
two between muscle bundles and one in the perimuscular layer. The 
viscus is contracted, the wall thickened. The lining epithelium is 
fairly well preserved. There is a hyperaemia of the mucosa, together 
with a moderate cellular infiltration in the subepithelial layer, while 
a more marked infiltration occurs in the intermuscular septa and in 
the perimuscularis where at places the accumulation of cells is very 
conspicuous. The muscularis is hypertrophied. The arrangement of 
the muscularis into inner longitudinal and outer oblique or circular 
bundles is very distinct. 

“Rokitansky-Aschoff sinuses” in longitudinal sections from about 
the middle of a gall-bladder, removed from a 57-year-old female pa- 
tient of the Schmieden Clinic in Frankfurt am Main, are shown in 
Figures 23 to 25. The viscus from which these sections were taken 
contained a number of various-sized, facetted gall-stones some of which 
were as large as cherries. The size and shape of the viscus was about 
normal; the wall, however, appeared thickened. The fundus of one 
of the two outpouchings seen in Figure 23 is situated in the peri- 
muscular layer and is wider than the part connecting it with the lu- 
men of the viscus. The other outpouching has in this section a rather 
uniform diameter. One of the two “Rokitansky-Aschoff sinuses” 
seen in Figure 24 has the shape of a round-bottomed flask. In Figure 
25, longitudinal sections of longitudinal muscle bundles are seen be- 
neath the mucosa. External to these longitudinal bundles, trans- 
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verse sections of rather oblique or circular muscle bundles are found. 
An epithelial-lined lumen, a part of a “Rokitansky-Aschoff sinus,” 
is seen embedded in the intermuscular connective tissue. In all 
three of these sections (7.e., Figs. 23 to 25) a cellular infiltration is 
present in the subepithelial layer, in the intermuscular septa and to a 
lesser degree also in the perimuscular layer. The muscularis is hyper- 
trophied and appears oedematous. 

Outpouchings of the mucosa towards the external layers occur at 
times in great number. This may be seen in Figure 26, which is a 
photomicrograph taken from a transverse section of a gall-bladder 
removed from a male patient at the Boston City Hospital. The wall 
of the viscus is thickened. The epithelium of the mucosa is missing 
in places, due partly to inflammatory processes, partly to late fixation. 
The subepithelial layer, the intermuscular septa, as well as the peri- 
muscularis, show a marked cellular infiltration. Confined to certain 
small areas, the accumulation of cells is very dense. The muscularis 
is slightly hypertrophied. The amount of intermuscular connective 
tissue is increased. The perimuscular layer is much thicker and 
denser than usual. For this figure the writer is indebted to Prof. F. B. 
Mallory, of the Boston City Hospital. 

“Rokitansky-Aschoff sinuses” found in sections from hydropic 
gall-bladders are of special interest. Figure 27 is from near the neck; 
Figure 28 from near the fundus of such a gall-bladder removed from a 
35-year-old female patient of the Schmieden Clinic in Frankfurt am 
Main. The viscus measured about 20 cm. in length and 7 cm. in 
diameter. It was filled with a viscid white opaque fluid (white bile) 
and contained several large stones about the size of cherries and about 
fifty smaller facetted stones. The epithelium is well preserved: its 
cells, however, are flattened at places, especially those lining the 
“Rokitansky-Aschoff sinuses.” The wall of the viscus is slightly 
thickened oedematous, and shows a marked cellular infiltration. The 
intermuscular septa are larger than usual and the slightly hypertro- 
phied muscle bundles appear to be pushed apart. 

At first it may seem rather difficult to distinguish between the fundus 
of such an outpouching, the lumen of which is cut off from the lumen of 
the viscus, and an aberrant bile-duct or “true Luschka duct.” If 
serial sections can be obtained, the difficulty is easily overcome. The 
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differentiation, however, can also be made in a given section by taking 
into consideration the basic morphological characteristics peculiar to 
these structures. The ‘“Rokitansky-Aschoff sinuses” being mere 
outpouchings of the gall-bladder mucosa consist only of epithelium 
which is identical with that lining the inner surface of the viscus. 
The surrounding connective tissue has in its arrangement no charac- 
teristic relation to the outpouching. The “true Luschka ducts,” 
on the other hand, have a wall of their own with the histologic struc- 
ture of a bile-duct. Embedded always in a peripheral part of the 
perimuscular layer of the gall-bladder, they stand out as conspicuously 
as blood-vessels. Their lumina are regular and usually lined with a 
somewhat lower columnar epithelium than the gall-bladder. Sur- 
rounding the lining epithelium a cellular connective-tissue layer is 
seen, rich in circularly arranged white connective-tissue fibers. The 
structural differences between the “true Luschka ducts’ and the 
“Rokitansky-Aschoff sinuses” are so striking that it is possible to tell 
them apart even when the fundus of the outpouching, the lumen of 
which is cut off from the lumen of the viscus, is very small and lies, 
as sometimes happens, in the periphery of the perimuscularis close to 
or immediately beneath the serosa.* 

It was mentioned in the previous communication (Halpert, 1927) 
that in the healthy human gall-bladder “Rokitansky-Aschoff sinuses” 
are very rarely seen. Their occurrence during intra-uterine life and in 
early post-natal life was studied in a series of 20 gall-bladders, most 
of which were cut into serial sections, some of them longitudinally, 
others transversely. In none of the 10 gall-bladders of embryos and 
fetuses ranging from 25 to 370 mm. were ‘‘Rokitansky-Aschoff sinuses” 
found. In the 10 gall-bladders of infants from 1 to 9 months of age, 
conditions in regard to these structures were similar to those found in 
healthy adults,—that is, if present at all, they were always few in 
number, rather shallow and usually did not penetrate the muscular 
coat. In order to obtain some information on the probable mode and 


? Gland-like structures, formed by mesothelium, seen sometimes on the peri- 
toneal surface of the viscus, can easily be recognized by the outspoken cuboidal 
shape of their cells, which stain more lightly and appear quite different from the 
lining epithelium of either the ‘true Luschka ducts’’ or the ‘““Rokitansky-Aschoff 
sinuses.”’ 
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cause of their formation, extensive studies were made on gall-blad- 
ders removed by surgical operation. The occurrence and behavior 
of the sinuses were investigated in well over 300 gall-bladders obtained 
from patients cholecystectomized between 15 and 75 years of age.* 
The findings may be summarized briefly as follows: (1) The muscu- 
laris of the healthy gall-bladder is under ordinary conditions dense 
enough to prevent outpouchings of the mucosa towards the external 
layers. (2) The normally existing defects or holes in the web of 
the muscularis, which serve for the passage of blood-vessels but occur 
also independently, present potential places through which, under 
certain conditions, the mucosa may protrude towards the external 
layers. (3) The presence of typical and numerous “Rokitansky- 
Aschoff sinuses” is usually associated with structural changes in the 
wall of the gall-bladder which may be responsible for their formation. 
Most constant and conspicuous of these are: (a) thickening of the wall 
of the viscus, due to marked hypertrophy of the muscularis and in- 
crease of the connective tissue forming the perimuscularis, and (5) 
at least a slight cellular infiltration of the subepithelial layer, the 
intermuscular septa, and the perimuscular layer, the last especially 
around the fundi of the “Rokitansky-Aschoff sinuses.” Signs of older 
and newer pathological processes are usually seen accompanying these 
findings. 

Thus the impression was gained that the presence of ‘“Rokitansky- 
Aschoff sinuses’”’ must be looked upon as the result of some process 
(or processes) leading to a more or less general loosening and weaken- 
ing of the contractile elements of the gall-bladder surrounding the 
mucosa, and to widening of the intermuscular septa. This has led to 
the conclusion, that in the process of formation of deeper outpouch- 
ings of the gall-bladder mucosa toward the external layers, extreme 
contractions following prolonged and repeated overdistentions of the 
viscus are most likely to play the leading part: overdistention (es- 
pecially acute dilatation of the biliary vesicle) because it increases 
the size and possibly also the number of potential holes in the web of 
the muscularis, and extreme contractions because, as the viscus di- 


* Excluded from the series were gall-bladders with malignant new growth, 
usually carcinoma which in the writer’s experience occurs in about 1 to 2 per cent 
of the cholecystectomized patients. 
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minishes in size and the mucosa adapts itself to a smaller area of 
attachment, the mucosa may be forced in some places to dip down 
between the muscle bundles and protrude towards the external 
layers. 

The structural changes mentioned as characteristic for gall-bladders 
with numerous and typical “‘Rokitansky-Aschoff sinuses” lend sup- 
port to this contention, namely, that the viscus was exposed repeatedly 
to prolonged increased pressure from within, causing at times over- 
distention of the biliary vesicle. The muscular coat of the gall-bladder, 
having the function of preventing overdistention and of producing 
adjustment in size at all times to the varying content, hypertrophies 
in an attempt to overcome the increased internal pressure. Histo- 
logical findings, especially in hydropic gall-bladders, reveal the fact 
that the muscularis of the gall-bladder, although it has the tendency 
to hypertrophy, seems to lack the capacity to accomplish this success- 
fully. Hence there are formed deeper outpouchings of the gall-blad- 
der mucosa towards the external layers, with marked dilatation of 
the fundi and flattened epithelium at places. 


SUMMARY 


In summarizing the data on the “true Luschka ducts’ and the 
“Rokitansky-Aschoff sinuses” the following may be said: 

1. “True Luschka ducts” are duct-like structures found occasion- 
ally in the periphery of the gall-bladder wall, occurring most fre- 
quently on the hepatic surface of the viscus and usually along the 
edges of the fossa vesicae felleae. They have a wall of their own with 
the histological structure of intrahepatic bile-ducts. The lumen is 
generally less than three-tenths of a millimeter in diameter and is 
usually lined with a somewhat lower columnar epithelium than that 
of the gall-bladder. Surrounding the lining epithelium there is a 
cellular connective-tissue layer rich in circularly arranged white con- 
nective-tissue fibers. 

2. “Rokitansky-Aschoff sinuses” are deeper outpouchings or sinuses 
of the gall-bladder mucosa, which dip down into the muscularis or 
extend as finger-like processes through the muscular coat into the 
perimuscular layer. 
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3. The “Rokitansky-Aschoff sinuses” are identical with the struc- 
tures which Rokitansky called ‘‘hernia-like outpouchings of the gall- 
bladder mucosa” (1842), which Aschoff described as the “Luschka 
ducts” (1905), and which Shikinami called later (1908) the “Aschoff 
ducts,” but they are not at all identical with the aberrant bile-ducts 
which Luschka discovered (1863) in the wall of the human gall-bladder, 
the “true Luschka ducts.” 
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EXTRAMEDULLARY HEMATOPOIESIS IN ANEMIAS'! 


DORSEY BRANNAN, M.D., University of Rochester, Strong Memorial Hospital, 
Rochester, N. Y. 


From the William H. Singer Memorial Research Laboratory and Allegheny General 
Hospital, Pittsburgh, Pa. 

The occurrence of large tumor-like growths of hematopoietic tissue 
in an anemic infant, together with a contrasting case of extramedullary 
blood formation in an anemic adult, and certain other observations on 
blood formation in infants, form the basis of this article. Further- 
more, the American literature contains no instance similar to the case 
of the infant described, and only a very few complete records of blood 
formation in the organs of anemic adults. The German and French 
literature, however, contain several examples of each type, and a few 
papers are to be found in the English, Dutch, Bohemian and Italian 
literature. 

An effort has been made to review all the available cases of so-called 
Jaksch’s anemia,” “‘anemia pseudoleukemia infantum,” “splenic 
anemia” and “pernicious anemia” of infants, wherein a necropsy 
has been performed. Particular attention has been focused on the 
pathology of the hematopoietic system in the anemias of infancy and 
childhood. All the cases wherein large masses of hematopoietic tissue 
were found have been briefly abstracted below. In addition, the more 
important contributions regarding extramedullary blood formation 
in general, exclusive of leukemias, have been examined. 

It is well known that during foetal life the blood is produced prima- 
rily in the spleen and liver as well as in other organs, but under ordin- 
ary conditions after birth the bone marrow almost completely assumes 
this function. The frequent occurrence of myelocytes, particularly 
the eosinophilic ones, in the thymus of infants and children and even 
in adults may perhaps be regarded as instances of blood formation. 
Data are also accumulating which point to the spleen as a potential 
and perhaps constant site of hematopoiesis; leucopoiesis in particular. 


1 Received for publication June 8, 1927. 
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PART I. CONCERNING THE PATHOLOGY OF THE HEMATOPOIETIC 
ORGANS AND EXTRAMEDULLARY BLOOD PRODUCTION IN 
ANEMIC INFANTS AND CHILDREN 


It appears that one of the most common forms of anemia of infancy 
and childhood has been described under the varied diagnostic ter- 
minology indicated above, with which the names of von Jaksch and 
Luzet are usually associated. Clinically, this anemia is characterized 
by splenomegaly, often a moderate enlargement of the liver and lymph 
nodes, and the skin may have a more or less yellowish tint. The 
blood presents a number of nucleated red blood cells, mostly normo- 
blasts, a leucocytosis of variable degree, frequently an increase of 
myeloid or lymphoid cells and relatively few eosinophilic cells. Poly- 
chromatophilia, a rather high color index and mixed leucocytic formula 
may also be features of importance. 

According to the majority of authors the anemia is found in infants 
and children showing evidence of syphilis, tuberculosis, rickets, or 
other chronic diseases. Aschenheim and Benjamin believe that the 
anemia alone is dependent on rickets. Lehndorff, writing in 1994, 
regards the disease as a type of myelogenous leukemia. Most authors, 
however, do not accept this conclusion and a review of the reported 
cases does not substantiate Lehndorff. Drysdale and Thursfield con- 
sider the disease a primary disorder. Riviére believes it to be de- 
pendent upon a low-grade gastrointestinal inflammation, while 
Griffin regards splenectomy as beneficial. In a recent study, espe- 
cially of the blood changes in this group of cases, Evans and Happ 
concluded that the anemia is essentially a secondary one with a variable 
leucocytic reaction. Ramsay in 1924, after an extensive study, 
reached similar conclusions. Because of the preponderance of clinical 
details in contrast to the paucity of pathological data on the anemias 
of infancy and childhood, it is apparent that relatively little is known 
regarding the pathology. 

As stated above, the cases which came to necropsy have been 
carefully reviewed, but it is possible that a few have been overlooked. 
It should be emphasized that the vast majority of these cases have 
shown some evidence of extramedullary blood formation. This is 
almost invariably true of all the better studied cases. On the other 
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hand, Flesch and Schossberger, Melland, Hutchinson, Hunter, Cohen, 
Carr, and Roth, some of whom studied several cases, make no mention 
of blood formation outside of the bone marrow. It should be noted, 
however, that certain of these papers are very brief, and one is left 
in considerable doubt in some instances. Zamboni studied two cases 
of his own, with perhaps slight extramedullary blood formation, and 
also tabulated seventeen other papers, but he does not regard extra- 
medullary blood formation as an important feature in the pathology 
of this group of anemias of infancy and childhood. Judging from the 
description, there was probably slight blood production outside the 
bone marrow in the cases of Thro and Hunt. Schippers has con- 
tributed an important work in Dutch concerning blood formation in 
anemic children. 

Of particular pathological interest in the cases were the changes in 
the spleen. In practically all the reports the spleen has been described 
as enlarged, generally hard and firm, and it often presented a peri- 
splenitis. Cohen states that the spleen may be ten times its normal 
size. The color was usually red, and in some cases the spleen was 
obviously fibrosed, while the lymph follicles were small and inconspicu- 
ous. Microscopically, the organ has frequently presented a fibrosis, 
characterized by an increase in the fine reticular and trabecular frame- 
work and a perivascular increase in connective tissue. In such in- 
stances the lymph follicles were small and the pulp cells were relatively 
reduced. Such are the changes occurring apparently in the more 
severe cases. Slight or moderate hematopoietic changes were some- 
times found and normoblasts and eosinophiles were the most frequent 
cells observed. Stillman believes the spleen may present three main 
types of reactions, depending upon the development of the disease; 
the first stage being a hyperplastic and cellular organ, while the end- 
stage shows a more or less fibrosed structure with myeloid changes. 
He also describes an intermediate phase. Luzet, Fowler, Ciaccio, 
Schippers, Horwitt and others mention hyperplasia and hypertrophy 
of the splenic pulp, lymph follicles, or both; and they give the impres- 
sion that the enlarged organ may be very cellular. At the same time 
certain of these authors found evidences of blood formation. Hallez’ 
description of the changes in the spleen is very good. In the writer’s 
case, the essential lesion was a marked fibrosis, which was responsible 
for the enlargement. 
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The liver was often found to be enlarged and pale. Many authors, 
namely, Armand-Debille and Berthaux, Koch, Lobenhoffer, Graetz, 
Schippers, Schultze, Swart, Simon, Horwitt, Schridde and others 
found slight hematopoiesis, for the most part in the capillaries of the 
liver. Cohen and Schridde emphasize the sclerosis which may occur, 
while Hallez, Hutchinson and Roth found fatty changes. Hemosiderin 
in the liver may be abundant, as found by Aschenheim and Benjamin, 
Furrer and the writer, but in the spleen sparse or absent. 

The lymph nodes very often revealed particularly interesting fea- 
tures. In a number of cases an enlargement, due only to hyperplasia 
of the follicles, was observed. Occasionally the lymph nodes were 
sclerosed or tuberculous. The red color described by Sorochowitsch, 
Tixier, Tanaka, Schippers, Hallez, Furrer, Forbes and Koplik and by 
the writer constitutes a distinctive characteristic. Excepting Koplik, 
who gave no explanation for the red color, all of these authors found 
well marked blood formation in the lymph nodes, which accounted for 
it. On the other hand, the red color of the lymph nodes may be due to 
circulating blood in the lymph sinuses (hemal lymph nodes), as 
observed by Stillman and the writer. Slight hematopoiesis has also 
been found in the absence of a red color. 

In the thymus, active blood formation may be observed as found 
by Hallez, Simon, Horwitt and the writer. 

The bone marrow has been described as red or reddish in all the 
cases. A marked increase in the erythrocytic elements seems to have 
been the most common finding and has been pointed out by Furrer, 
Graetz, Kucera, Hallez, Ciaccio, and others. Tanaka, Horwitt, 
Armand-Debille and Berthaux, and Hallez have also recorded slight 
sclerosis of the marrow. Armand-Debille and Berthaux remark that 
the hyperplastic marrow may be out of proportion to the grade of the 
anemia. Tanaka and the writer found the large cranial bosses in the 
rachitic subjects to be red and soft, due to the presence of much hyper- 
plastic marrow. The associated lesions of rickets in the majority of 
cases has perhaps complicated the interpretation of the findings in the 
bone marrow. 

Hallez states that hematopoietic foci may be found elsewhere, even 
in the lungs, and in Case I they were found in the dura mater. Guinon 
and Simon have found blood formation in the appendix with similar 
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changes in the other organs. It is also of interest to note that 
Dominici has recorded myeloid changes in the organs of an infant 
which died of sepsis, but there was no doubt an associated anemia. 
Frank found a myeloid reaction with hemosiderin deposits in the liver 
and spleen of an anemic and newborn infant. He regards the case as 
one of ‘‘congenital erythroblastosis,” because of the predominance of 
erythrocytic cells. 

The kidneys have been of particular interest in the anemias of 
infancy and childhood because of the occurrence of large tumor-like 
masses of red hematopoietic tissue in the hilus in certain cases ab- 
stracted below. Both Tanaka’s and Schultze’s second cases presented 
microscopic areas of blood-forming tissue in the kidneys. 


Abstracts of cases presenting Tumor-like growths of hematopoietic 
tissue occurring in infants 


The first descriptions of large tumor-like masses of red hemato- 
poietic tissue are to be found in the article of McKenzie, Browning 
and Dunn, which appeared in 1909. Their first case was in a child 
nine months of age, who died of bronchopneumonia. The leucocyte 
count was 90,000 and most of the cells were of an “embryonic type.”’ 
Many nucleated erythrocytes were also observed. The spleen and 
lymph nodes were enlarged. In the hilus of each kidney were found 
large masses of red tissue, composed of all the elements of the bone 
marrow, and small foci of similar tissue were found about vessels in 
the renal parenchyma. 

Their second case was in a rachitic child twenty months of age. In 
the hiluses of the kidneys of this infant were found red masses of bone- 
marrow tissue. The bone marrow proper was described as somewhat 
fibrosed, yet blood formation was active. Blood formation was also 
observed in the spleen. In this instance blood studies had not been 
made. 

Shortly thereafter, Faucett and Baycott described a similar case, 
that of a child two years of age, who clinically presented an enlarge- 
ment of the spleen and liver and a marked anemia. The greatly 
enlarged spleen was fibrosed. The hilus of each kidney was filled with 
active hematopoietic tissue. Unfortunately, the above three cases 
are hardly more than abstracts in the original and many important 
details are lacking. 
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In 1910, Tixier described red masses of tissue distending the hilic 
spaces of the kidneys occurring in an infant ten months of age. The 
red tissue was composed of the various actively growing elements of 
the bone marrow with slight hemorrhage. Hematopoiesis was also 
observed in the renal cortex. This infant had had an enlarged spleen 
for four months, as well as an enlarged liver and evidence of rickets. 
The blood examination revealed a marked anemia with a leucocytosis 
of 38,260 and numerous nucleated red blood cells. ‘Large mono- 
nuclears” constituted 60 per cent of the leucocytes. 

Schultze, in 1912, reported the case of an infant fifteen months of 
age with severe anemia, marked splenomegaly, rickets and hemor- 
rhages, which presented red masses of myeloid tissue in the hiluses of 
the kidneys. The cells in the renal masses were composed of various 
differentiating white and red blood cell elements of hyperplastic bone 
marrow, as well as megakaryocytes. A few fat cells were also de- 
scribed. His “observations were controlled by a positive oxidase 
reaction. Normoblasts were the predominating type of the red cell 
series. Microscopic myeloid changes were also found in the liver and 
spleen. No blood examination was recorded. 

Tanaka, in 1912, detailed two rather similar cases occurring in 
Japan. His first case was that of an infant twenty-one months of age. 
The spleen and liver were enlarged during life. There was only a 
single, partial, blood examination early in the illness, which revealed 
only a slight anemia. The child had rickets and came to necropsy 
several weeks later. At the autopsy, there was edema of the feet and 
eye-lids, a greatly enlarged and firm spleen, slightly enlarged and red- 
colored lymph nodes and a large liver. In the hiluses of the kidneys 
were dark red and tumor-like masses. The bone marrow was dark 
red, and grossly sclerosed, apparently the result of or associated with 
rickets. Microscopically, the red tissue in the kidneys was composed 
of all the elements of hyperplastic bone marrow. A very little adipose 
tissue remained. In the cortex were also found small foci of myeloid 
tissue with megakaryocytes. ‘The oxidase reaction was positive. In 
the fibrosed spleen the lymph follicles were small and myeloid activity 
was observed. Slight blood formation was apparent in the liver. The 
lymph nodes revealed hematopoiesis. The ribs presented the charac- 
teristic picture of rickets and the bone marrow was hyperplastic. 
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Herzenberg, in 1922, observed two cases of “‘splenic anemia” in 
rachitic children two years of age. In the first instance the spleen was 
greatly enlarged and hard. The liver was also large. The peri- 
bronchial lymph nodes were tuberculous. The bone marrow was red. 
In the hiluses of the kidneys were “bloody masses” which, upon micro- 
scopic examination, proved to be composed of proliferating erythro- 
cytes, white blood cell elements and megakaryocytes. Myeloid 
changes were also found in the spleen. 

Herzenberg’s second case presented very similar findings, namely, 
a large and firm spleen and large brownish masses in the renal hiluses. 
The brownish growths in the kidneys were composed of hyperplastic 
bone-marrow tissue. There were apparently myeloid foci in the liver, 
but not in the spleen, which showed fibrosis and some hyperplasia of 
the pulp. 

Forbes reported, in 1906, three cases of anemia in infants, one of 
which is deserving of consideration. In the first case there were 
bilateral ‘“‘hemorrhages”’ filling the hilus of each kidney. Microscopic 
details are meager, but he mentions the occurrence of numerous leuco- 
cytes in these areas. It seems highly probable that he was dealing 
with a case of the same group as those abstracted above. 

Koplik, in 1907, described in an eleven months old infant “spleen- 
like” substance in the renal hiluses, and the lymph nodes were red. 
Essential details are lacking and pathologically the case is incomplete, 
but it probably belongs to this group. 

The case reported by Weber perhaps belongs in this same category 

of those showing tumor-like growth of red hematopoietic tissue in the 
renal hiluses, since he found erythroblasts and megakaryocytes in the 
hemorrhagic tissue. 
Case I 
History. The patient, a seven and one-half months old white male infant was 
admitted to the Allegheny General Hospital, July 6, 1925, on the pediatric service 
of Dr. D. Hartin Boyd, and died August 9, 1925. 

The mother consulted her physician because the child was losing weight. The 
delivery had been normal. The child had been breast fed only five days, after which 
it was given a formula composed mostly of cow’s milk. The child apparently did 
well until about four months of age. At that time it had a respiratory infection 
lasting about three weeks and from then on it failed to gain in weight and did poorly. 
The two other children of the family were apparently well. 
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Physical Examination. The baby was described as poorly nourished and restless, 
but was not acutely ill. The skin had a slight yellowish tint. The anterior fon- 
tanelle was wide and tense, while the posterior one was closed. Over each frontal 
and parietal bone there were large flat well defined bosses. Otherwise the head was 
negative. The superficial lymph nodes were moderately enlarged. The costo- 
chondral junctions were enlarged. The abdomen was distended and the umbilicus 
protruded. The spleen was markedly enlarged, movable and firm, and extended to 
the umbilicus. The liver was also large. The flanks were dull but otherwise the 
abdomen was tympanitic. A small hydrocele was found in the right side of the 
scrotum. The extremities were thin, and epiphyseal enlargements were not demon- 
strated. 

Course. By July 18, it was recorded that the veins of the forehead had become 
considerably dilated and the eyelids were moderately edematous. 

On July 21, the spleen extended 7.5 cm. below the costal margin and the liver 
measured 3.5 cm. below the costal border. The edema of the eyelids persisted and 
the right eyeball became a little more prominent than the left. 

The patient left the hospital, but gradually grew worse. It was readmitted 
August 8, 1925, and died within a few hours. 

The average weight while in the hospital was ten pounds. 

The temperature was within normal limits aside from an occasional rise to 99.5° 
and 100°F. 

Blood Examinations. July 9, R.B.C. 1,300,000; W.B.C. 55,000; Hb. (Sahli) 30%; 
C.I. 1.1. Differential Count of 500 cells, Wilson’s stain. P.M.M. 32%; P.M.E. 
3.4%; P.M.B. 3%; Lymph. 4%; Large Mon. and Trans. (Monocytes) 4%; Myelo- 
blasts 44.6%; N. Myelocytes 4.8%; E. Myelocytes 0; B. Myelocytes 2.6%; Un- 
classified cells 2.2%. In the stained smears there were 335 various nucleated red 
blood cells to every 500 white blood cells. The former were mostly normoblasts. 
The cytoplasm of the nucleated red blood cells was markedly basophilic, but nuclear 
particles were not observed. The nucleated cells presented curious nuclear forms 
and even occasional mitoses were seen. The red blood cells were otherwise quite 
irregular in size and shape with many deeply stained macrocytes. 

The early myeloid cells presented many very small forms but also a fair number of 
characteristic myeloblasts. There was a striking absence of eosinophilic myelocytes 
and eosinophilic leucocytes were not numerous. The lymphocytes offered no es- 
pecial difficulty in identification. The blood platelets were greatly reduced in 
numbers and very small, but occasional large ones were found. 

July 20th. R.B.C. 1,600,000; W.B.C. 5,200; Hb. (Sahli) 30%, C.1. 0.9. Differ- 
ential Count of 500 cells, Hasting’s stain. P.M.N. 33.6%; P.M.E. 6%; P.M.B. 
0.6%; Lymph. 0.8%; Large Mono. and Trans. (Monocytes) 4%; Myeloblasts 33.2%; 
N. Myelocytes 14%; E. Myelocytes 1.8%; B. Myelocytes 3.6%; Unclassified Cells 
2.5%. 

There were 216 nucleated red blood cells of various varieties counted with the 500 
white blood cells. Otherwise the cytological details were the same as described 
above. 
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The blood Wassermann test was negative. 
The clinical diagnostic possibilities included von Jaksch’s anemia, myelogenous 
leukemia and rickets. 
Autopsy 


The autopsy was performed by the writer, seven hours after death. 

External Appearance. The body was that of a small and markedly emaciated 
white male infant. It measured 57 cm. in length and weighed 4060 grams. The 
skin was pale and dry. The anterior fontanelle was large and slightly sunken; the 
posterior one was closed. Four large and hard bosses were noted over the parietal 
and frontal bones. The thin and movable scalp over the bosses was dark and had a 
slightly greenish tint. The eyelids were edematous. The veins of the forehead, 
however, were hardly visible. The inguinal and femoral lymph nodes were especially 
enlarged, firm and movable and those of the axillae and neck were also palpable. 
The abdomen was somewhat sunken. A hydroceie was found involving the left 
testicle. The feet and ankles were edematous and all the extremities were wasted. 
The wrists and ankles were not especially thickened. 

Abdominal Cavity. The peritoneum contained approximately 100 cc. of clear 
fluid. The liver extended 3 to 4 cm. below the right costal border. The spleen was 
much enlarged and the tip was lying 6 to 7 cm. below the left costal margin. The 
mesenteric lymph nodes were enormous in size. They practically filled the mesen- 
tery and formed a large nodular mass approximately 6x8cm. The individual nodes 
measured 8 to 15 mm. in length and were firm and elastic. The cut surfaces were 
gray and homogenous, aside from a few small red foci and streaks. The lymph 
nodes along the colon and those along the stomach and liver were also enlarged. 
The retroperitoneal, pelvic and inguinal lymph nodes were either slightly or mark- 
edly enlarged and dark brick red in color, firm and homogenous. ‘The kidneys were 
noticeably enlarged in si/u. 

Thoracic Cavity. The lungs were collapsed. The heart was slightly dilated. 
The thymus was small and edematous with numerous small bright patches and 
points. The anterior, mediastinal and tracheobronchial lymph nodes were en- 
larged, firm and reddish in color. The posterior mediastinal lymph nodes were also 
large and gray. 

Spleen. The organ was considerably enlarged, weighing 90 grams, and measuring 
8.5x5x4cm. It was firm and elastic. The surfaces were somewhat wrinkled, but 
the capsule was smooth and not thickened. The cut surfaces presented a diffuse 
dark reddish and homogenous appearance and the lymph follicles could not be 
recognized. There was a well marked fibrosis. An accessory spleen was 12 mm. in 
diameter and otherwise structurally like the true spleen. 

Kidneys. These organs were both enlarged. The right one weighed 55 grams 
and the left weighed 45 grams. The renal capsule of the right kidney stripped with 
ease, exposing numerous small and medium-sized, irregular and bright red points and 
foci, which appeared very much as small hemorrhages. The cortex was otherwise 
generally pale. Upon sectioning the kidney one found the hilus distended with a 
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dark red-colored and firm tissue. ‘The color of the hilic mass was very much like 
that of the cut surface of a rabbit’s spleen. The renal peivis was delicate but its 
limits were sharply defined and it was not invaded by the red tissue. Here and there 
the red tissue extended deeply into the renal parenchyma by narrow processes and 
followed the calyces, but the edges of the mass, for the most part, were sharply de- 
fined. It also extended well down along the pelvis to the ureter where it was covered 
by loose alveolar and adipose tissue. The mass which filled the hilus of the kidney 
was 2.5 x 1.5 cm. in its greatest dimensions on the cut surfaces, and roughly rectangu- 
larin shape. Scattered about, especially in the cortex but also in the medulla, were 
numerous small bright red points and foci similar to those seen externally. The 
cortex and medulla had lost most of their characteristic markings and both were pale, 
swollen and waxy (Fig. 1). 

The left kidney presented an almost identical appearance. 

Liver. The liver was definitely enlarged and weighed 290 grams. Externally it 
was negative. The cut surfaces were uniform in appearance and pale in color. The 
organ was not congested or scarred. 

Heart. All the chambers were somewhat dilated, but especially so on the right 
side. Otherwise the organ was negative. 

Lungs. A few small hemorrhages were found in the parenchyma of each lung. 
The hilic lymph nodes were slightly enlarged, firm and dark red in color. 

Testicle. ‘The tunica vaginalis of the left testicle contained about 5 cc. of clear 
fluid and the sac extended upward into thecord. Grossly, both testes were negative. 

Intestine. The lymphoid tissue of the intestines was not overly abundant and, 
grossly, the intestines were negative. 

Cranium and brain. Upon stripping back the scalp, the large bosses of the parietal 
and frontal bones were reddish in color, sharply circumscribed and easily cut with 
the knife. The elevation involved only the outer table of the bones and the diploé 
was soft and dark red in color. There was no discoloration of the inner table of the 
bone when the dura was removed, but it was thin. 

The falx cerebri presented a most unusual appearance. It had been converted into 
a thick, dark purplish red and fleshy septum. ‘The changes were diffuse and extend- 
ing from tip to tip, but stopped abruptly on each side of the reflection of the dura 
mater. It measured 2 to 5 mm. in thickness. ‘The surfaces in places were smooth 
and glistening and elsewhere finely granular. On section, the narrow and centrally 
located true falx could be seen. Otherwise the dura mater and venous sinuses were 
negative. 

The brain, cranial nerves and vessels presented nothing of especial importance. 

The orbits were negative. 

Bones and bone marrow. The costochondral junctions were considerably en- 
larged but the thorax was not deformed. The lines of junction between the ribs 
and the cartilages were thickened and very irregular—typical of rickets. The 
bone marrow of the ribs, vertebrae and both femora was rather firm and dark red. 

The blood was very pale and remained liquid until the autopsy was well under 
way. 
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Blood culture. No growth. 

Microscopic examination. Fixation—Zenker’s fluid; stains—methylene blue 
and eosin. 

Bone marrow. The bone marrow of the ribs, femora and diploé was very hy- 
perplastic but there was also a slight overgrowth of delicate fibrous tissue. The 
predominating cells in the marrow were the erythrocytic, especially the normo- 
blasts. These were large pale cells with variable amounts of hemoglobin. Their 
nuclei were oval or round and deeply stained. Occasional cells had two nuclei. 
Megaloblasts and erythrocytes were also observed. Megaloblasts and myelocytes 
were numerous and occurred in small clusters as well as scattered about. Eosino- 
philic myelocytes were especially striking but the neutrophilic ones were poorly 
defined. Mature leucocytes were sparse. Megakaryocytes were fairly numerous. 
Lymphocytes were not recognized. Iron pigments and nuclear figures were not 
identified. The overgrowth of connective tissue was especially well marked in 
the ribs and diploé, but coarse scarring was absent (Fig. 5). 

Ribs and frontal bone. Sections through the costochondral junctions revealed 
evidence of marked rickets. The vessels had eroded and extended deeply into the 
cartilages. The rows of cartilage cells were very much distorted and osteoid 
tissue was abundant. The periosteum and perichondrium were thickened. 

In the sections of a boss of one of the frontal bones, the outer table of bone was 
found to be very thin, but intact. The bone lamellae were small and fragmented. 
Just under the outer table the delicate fibrous tissue of the marrow was most 
abundant. 

Falx cerebri. The red tissue of the falx cerebri presented almost an identical 
picture of that of the bone marrow. Adipose tissue, however, was absent. The 
erythrocytic cells were especially numerous and appeared to predominate. The 
majority of these were normoblasts with pale cytoplasm and deeply stained nuclei. 
Mature red blood cells were also plentiful. Megakaryocytes were very numerous, 
often two and three per high-power field. Myeloblasts and myelocytes were 
easily recognized but mature leucocytes and basophilic myelocytes were sparse. 
Scattered about were numerous large phagocytic cells containing a coarsely granu- 
lar and golden yellow pigment, which was identified by the aid of micro-chemical 
tests as hemosiderin. Small irregular patches of deeply blue staining material 
was scattered about, which perhaps were tiny masses of calcified material. These 
blood cells seemed held together by the fine fibers of the falx, yet in the outer zones 
the stroma could hardly be recognized. There were no hemorrhages and blood 
vessels were small and sparse (Figs. 2 and 3). 

Kidneys. The large masses in the hiluses of the kidneys were composed of mye- 
loid tissue similar to that found in the falx cerebri and differed but slightly from 
that of the bone marrow. The presence of large numbers of normoblasts and 
megakaryocytes were distinctive features. Here, as well as in the falx cerebri, was 
irregular and deep blue staining material which probably represented calcified 
fibrin deposits. Hemosiderin was plentiful. The adipose tissue of the hilus 
seemed to be completely replaced by the myeloid tissue. The small red patches 
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and red points in the renal parenchyma were found to be small foci of myeloid 
cells. Here the erythrocytic cells were sparse, while megakaryocytes were fairly 
numerous. Eosinophilic myelocytes were especially abundant in the foci of the 
renal parenchyma. Most of these intra-renal foci of myeloid tissue were in close 
relation with the vessels (Fig. 4). 

The cortical tubules were dilated and contained a thick coagulated fluid. The 
interstitial tissue was very edematous. The epithelial cells of the convoluted 
tubules were flattened and pale and the cytoplasm was coarsely granular, present- 
ing essentially a hyaline or colloid degeneration. The nuclei were generally 
pyknotic. The renal tissue infiltrated by the myeloid masses was atrophic. The 
glomeruli were not remarkable. The medullary portion of the kidneys and pelvis 
showed very little change. 

Spleen. The spleen presented a marked and coarse fibrosis. The lymph folli- 
cles were small, apparently reduced in number and gave no evidence of activity. 
The sinuses and vessels contained but little blood; only a few tiny foci of myeloid 
tissue were scattered about and exceptionally few early myeloid cells were to be 
seen in the vessels. The myeloid changes were almost entirely limited to the 
granular elements of the blood. Eosinophilic myelocytes were the most conspicu- 
ous. Hemosiderin was sparse and phagocytosis slight. The accessory spleen 
presented a similar microscopic appearance (Figs. 6, 7). 

Liver. Myeloid changes in the liver were exceedingly slight and even less than 
were observed in the spleen. A few widely scattered and tiny foci of early myeloid 
cells were found in the supporting tissue and these were confined exclusively to the 
white cell series. The liver cells contained much finely granular yellowish pigment, 
which gave a positive iron test. The large capillary endothelial cells, however, 
contained relatively little hemosiderin. Tiny fat vacuoles in the liver cells were 
numerous. The liver was also edematous, but not congested and was free from 
connective-tissue overgrowth. 

Lymph nodes. The red-colored lymph nodes, namely, the lumbar, iliac, in- 
guinal, mediastinal and tracheobronchial nodes, presented a similar picture 
varying only in degree. Small and large patches of pale erythrocytic cells, es- 
pecially normoblasts, were found along the peripheral sinuses and in the capsular 
tissues. Mature red blood cells were fairly numerous. The parenchyma of the 
nodes had been more or less replaced by myeloid tissue, which was composed of the 
various early white and red cell elements, as well as numerous megakaryocytes. 
Neutrophilic and eosinophilic polymorphonuclear leucocytes were also scattered 
about. In certain places the architecture of the lymph nodes was almost replaced 
by the blood-forming cells. The myeloid cells, however, were not observed inside 
the lymph channels. 

In certain of the smaller lumbar and iliac lymph nodes, one found a considerable 
amount of true blood filling the lymph sinuses. In these particular lymph nodes, 
myeloid changes in the parenchyma of the nodes was very slight and in some it 
was not found (Figs. 8, 9). 

The mesenteric lymph nodes, in contrast to the others, revealed only a marked 
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follicular hyperplasia with a few and widely scattered small foci of early myeloid 
cells. None of the lymph nodes were sclerosed and hemosiderin was absent. 

Thymus. The thymus was very atrophic. Small patches of thymic tissue com- 
posed mostly of epithelium were lying in a loose and edematous alveolar tissue. 
The lymphocytes had practically disappeared. Scattered about, and especially 
in the periphery of the atrophic thymic lobules, were large patches and strands of 
erythrocytic cells, especially normoblasts. A few eosinophilic myelocytes and 
leucocytes were occasionally encountered. 

Suprarenal glands. These bodies were essentially negative. 

Intestines. The lymphoid tissue of the intestines showed no hyperplasia or 
myeloid deposits and the other organs histologically presented nothing of interest. 

Peroxidose test. Frozen sections of tissue of the red lymph nodes, falx cerebri, 
and the red tissue from the hiluses of the kidneys, all of which had been fixed in 
formalin, gave a positive reaction. This was shown grossly by numerous blue 
streaks and patches which were microscopically composed of large cells containing 
blue granules. A negative reaction was observed with the liver and only a slightly 
positive test was obtained with the spleen and the mesenteric lymph nodes. 


Comment 


Clinically, this infant presented an anemia with splenomegaly and 
a large liver, associated with rickets and malnutrition. The blood 
picture was of especial interest, because of the great number of normo- 
blasts and the increase in early myeloid cells. The nuclei of the red 
blood cells were very irregularly lobulated and occasional cells were 
seen in apparent mitosis. Diffuse basophilia and pallor of the ery- 
throcytes were outstanding features. Because of the lobulated nuclei, 
the large size of the cells and unusual staining, some of the nucleated 
red blood cells had to be differentiated from the leucocytes. Megalo- 
blasts were not abundant and the platelets were greatly reduced. A 
noteworthy feature was the low percentage of eosinophilic leucocytes 
and myelocytes in view of the rather numerous neutrophilic cells. 
Lymphocytes offered no difficulty in identification. The changes in 
the blood were more in keeping with the type of anemia. known as “‘von 
Jaksch’s anemia,” “anemia pseudo-leukemia infantum,” “splenic 
anemia” and “pernicious anemia” of infants, which, according to 
Evans and Happ, are better designated as a type of secondary anemia, 
peculiar to infants. 

Among the important findings at the autopsy were the red tumor- 
like growths filling the hiluses of the kidneys and the abundant red 
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tissue covering the falx cerebri. This red tissue was composed of all 
the elements of hyperplastic bone marrow, showing, however, a great 
predominance of erythrocytic cells. Most of the red lymph nodes 
microscopically presented a marked hematopoiesis and here again an 
abundance of hemoglobin-containing cells. Similar findings were also 
observed in the thymus. The bone marrow itself likewise revealed 
the greatest activity among the erythrocytic cells This rather gen- 
realized erythropoiesis in contrast to leucopoiesis was a special feature 
in this case and seems to be a characteristic of the disease. The red 
color of the renal masses, falx cerebri, lymph nodes and elsewhere, was 
obviously due to the rich hemoglobin content of the cells. 

The spleen, which was considerably enlarged and extensively fi- 
brosed, as well as the liver, gave very little evidence of blood formation. 
It is perhaps well to emphasize that the red color in certain of the 
lymph nodes was due to circulating blood in the lymph channels— 
true hemal lymph nodes. In the hemal lymph nodes there was no 
evidence of blood destruction. The findings in the dura mater are 
the first of their kind to be recorded and those in the cranial bosses 
have only been described once—by Tanaka. 

From the microscopic study of this case, leukemia can be definitely 
excluded. There is very little doubt that one is dealing with a very 
active disease of the hematopoietic system, which might be accepted 
as a primary process. On the other hand, the literature shows that 
practically all these cases are associated with rickets, tuberculosis, 
syphilis or other chronic diseases. It seems, then, that in this rachitic 
infant one has encountered a secondary but actively proliferating 
change of the hematopoietic apparatus, which was widely dissemi- 
nated. This reaction of the hematopoietic tissue, in the presence of 
blood destruction, is obviously to be regarded as a compensatory 
mechanism in one with marked potentialities of growth. Even so, 
one is still left in doubt as to the specific etiological agent. 


Other observations on extramedullary blood formation in infants 


In this connection, it is perhaps well to record my observations on 
extramedullary blood formation occurring in infants in unusual sites 
not associated with blood formation in the organs and presumably 
quite aside from anemia. 
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In the course of another study, hematopoiesis was discovered in the 
broad ligaments of three infants. The oldest of these infants was nine 
weeks and the youngest a few days. In two instances only slight 
changes were found, while in the third they were rather extensive. 
In the broad ligaments clusters of blood-forming cells occurred peri- 
vascularly and to a slight extent intravascularly. Small nests of 
normoblasts and scattered megaloblasts were very numerous, es- 
pecially about the vessels. The myelocytes, myeloblasts and leu- 
cocytes also tended to form small islets, while in other areas a mixture 
of the various elements occurred. Very occasional megakaryocytes 
were seen in certain groups. A very few myelocytes were observed 
in mitosis. In the third instance erythrocytic cells predominated 
and these were arranged, for the most part, about the small vessels. 
Lymphocytes were absent in all the blood-forming centers in the 
broad ligaments. 

In a male infant a few days old, the breasts were found considerably 
enlarged. Upon examining the sections, one was surprised to find in 
the adipose tissue of the breasts unmistakable hematopoiesis. Here 
again there was a tendency for the early red blood cells and white 
blood cells to form distinct foci, but they also formed mixed clusters. 
As found in the broad ligaments, occasional myelocytes were ob- 
served in mitotic division, but megakaryocytes were absent. There 
were a few lymphocytes, but because of the slight mononuclear in- 
filtration their significance remained in doubt. The breasts otherwise 
presented marked dilation of the small ducts and acini, slight evidence 
of secretion, and a small-round-cell infiltration, peri-acinar in distribu- 
tion. There was no particular relation between the accumulations of 
blood cells and the vessels (Figs. 14, 15). 

The only literature available on this point is the paper by Dieterich. 
In 1925 he described and illustrated blood-forming foci in the soles and 
palms of infants. He found the various immature blood cells gener- 
ally in relation with the sweat glands. Macroscopically, these patches 
appeared as tiny red points. He could not find such foci in adults. 
According to Dieterich, similar islets of blood formation have occasion- 
ally been observed in the prostate gland, epididymis, and once in the 
breast. 
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EXTRAMEDULLARY HEMATOPOIESIS IN THE ANEMIAS 
OF ADULTS 


PART II. 


Blood formation in adults outside the bone marrow, though appar- 
ently well known, has been only rarely recorded by the American 
pathologsts. Only three fully reported cases are to be found in the 
American literature. These cases were reported by Donhauser, 
Draper, and Wade. Firket and Campos briefly refer to a remarkable 
case in which there occurred among other blood cells numerous mega- 
karyocytes in the liver and spleen. Wilson’s case, also incomplete, 
is apparently a similar one. The cases of Donhauser and Wade are 
unique, because hematopoiesis was largely limited to small red patches 
throughout the spleens. In Wade’s case there were also myeloid 
changes in the pleura. 

Perhaps the best known examples of extramedullary blood forma- 
tion in adults are those which have occurred in the organs of individ- 
uals with extensive carcinomatous replacement of the bone marrow or 
in cases wherein the marrow has undergone sclerosis. In 1904, 
Askanazy found resulting myeloid changes in the livers and spleens 
in two young persons with carcinoma of the stomach showing wide- 
spread metastasis in the bones. Dieckman’s paper is also of im- 
portance in this respect. Assmann in an extensive discussion of 
osteosclerotic anemia, in 1907, notes only slight evidence of blood 
formation outside the bone marrow, yet he made no particular point 
of it. In Donhauser’s and Wade’s cases there was also sclerosis of 
the bone marrow. 

Weil, in 1901, was perhaps the first to describe the occurrence of 
blood formation in unusual locations occurring during infectious dis- 
eases. He found proliferating bone-marrow elements in the lymph 
nodes, spleen and apparently in the liver in individuals dying of 
variola. The papers by Hirschfeld, Wolff, Sternberg, Meyer and 
Heineke, and Kurpjuweit, all contain similar observations on the 
occurrence of extramedullary hematopoiesis in infectious processes. 
MacCallum regards the presence of the various immature blood ele- 
ments in acute splenic tumors of infectious diseases as evidence of 
local proliferation of the blood. 

Of particular interest are the articles of Meyer and Heineke re- 
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garding the presence of small foci of blood production in the liver, 
spleen and lymph nodes in pernicious anemia. Their observations 
have been confirmed by Schatiloff, Fischer and Dieballa. Kurp- 
juweit’s work on this subject preceded those of Meyer and Heineke. 
MacCallum, however, does not regard the slight extramedullary hema- 
topoiesis of pernicious anemia as a characteristic feature. It is prob- 
able that Dieballa was dealing with a case of secondary anemia. 

Emil-Weil and Cler, Pissavy and Thibout, and Vaquez and Aubertin 
found myeloid activity in the enlarged spleens of anemic individuals. 
Gaudy and Bornait-Legueule reported blood formation in the spleen 
of one with hemochromatosis. One of Wolff’s cases of chronic lead 
poisoning presented myeloid changes in the spleen. Draper’s patient, 
who died of chronic nephritis, had extensive myeloid changes in the 
liver and spleen. 

The question of the constant presence of myeloid elements in the 
spleen has given rise to much discussion. Sternberg believes the 
spleen always contains these cells and Weil has observed them in the 
normal spleens from executed criminals. Kurpjuweit makes the same 
assertion. Krumbhaar regards the spleen as a site of slight blood 
formation. MacCallum’s ideas, mentioned above, support Krumb- 
haar’s point of view. Dominici observed myeloid cells in the spleens 
of normal rabbits. Evans’ work is in favor of the constant presence 
of myeloid cells in the spleen. On the other hand, Hirschfeld main- 
tains that the spleen has little or nothing to do with blood production 
in normal persons. Meyer and Heineke, as well, deny the presence 
of preexisting myeloid cells in the spleen. 

In 1925, Petri published his observations on the production of blood 
outside the bone marrow, in cases of infectious and toxic diseases. He 
found small red points and patches, especially in the retroperitoneal 
fat but also in the adipose tissue of the groins and breasts which 
proved to be proliferating hematopoietic foci. In this-regard one 
should mention that Hofstitter and Schnitzler found blood for- 
mation in a large retroperitoneal lipomatous tumor removed from 
an anemic woman. The hematopoiesis was most abundant about 
the vessels. 

In so far as tumor-like growths of extramedullary hematopoietic 
tissue in anemic adults axe concerned, there are none reported. Dr. 
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Arnold Rich,? however, in a personal communication, mentioned the 
occurrence of large kidney-sized masses of bone marrow tissue in the 
thorax of a man who died of hemolytic jaundice. The spleen had been 
removed some time before death. It is possible, then, that in rare 
instances one may find in adults tumor-like growths of blood-forming 
tissue similar to those that have been observed in infants and children. 

At this stage it is well to refer to the related subject of heterotopia 
of the bone marrow. Heterotopia of the bone marrow or the occur- 
rence of true bone marrow in unusual locations has been particularly 
well studied by Mieremet, Gierke, Hopf, Jedlicka, Herzenberg (third 
case) and recently by Saleeby. This condition is rare. Of course, 
in heterotopia of the bone marrow, one is also dealing with extra- 
medullary hematopoiesis, but it seems that such conditions are the 
results of embryological defects and have no obvious relation with 
anemia. In these cases the bone marrow has most often been found 
in the suprarenal glands of adults, but in Saleeby’s case bilaterally 
symmetrical masses of true bone marrow were found on the ribs. In 
many of these misplaced masses of marrow hemosiderin deposits were 
found. Adipose tissue has invariably been present and it has formed 
a large portion of the supporting tissue, which is in marked contrast 
to the findings in the tumor-like growths of compensatory hema- 
topoietic tissue in anemic individuals. The heterotopic marrow has 
almost always shown a hyperplasia of the blood-forming cells. 

Occasionally one observes bone marrow in connection with the 
cartilage and bone metaplasia of the tonsils, in old calcified tuber- 
culous lymph nodes and elsewhere. Cone has lately published his 
observations concerning bone marrow in the walls of intercostal veins 
and Bunting found red marrow in a calcified aorta. No attempt has 
been made to review the literature on this point. 

The anatomical findings in instances of experimentally produced 
extramedullary hematopoiesis closely parallel those found in man. 
In chronic anemias produced in laboratory animals by various poisons 
acting on the bone marrow and by bleeding, and in the presence of 
neoplasms, etc., blood formation in the organs has been regularly 
observed, particularly in the liver, spleen and in the lymph nodes. 


? Department of Pathology, Johns Hopkins University, Baltimore, Md. 
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In no instance, however, have red tumor-like masses of hematopoietic 
tissue been observed. Those interested in the details of the experi- 
mental side of the subject are referred to the bibliography, where the 
more comprehensive articles on this phase of the subject are listed. 


Case II 


Clinical. The patient was a white woman, 27 years of age, who was admitted to 
the obstetrical service of Dr. James L. Gilmer of the Allegheny General Hospital, 
September 23, 1923, and died October 24, 1923. Previous to admission to the 
hospital, she had been bleeding from the uterus for approximately three months, 
following an attempted abortion. At times the bleeding had been profuse. She 
had suffered from no pain, chills or fever. 

The physical examination revealed a well nourished, pregnant and anemic 
woman. ‘The uterus was therapeutically evacuated shortly after her admission to 
the hospital and the placenta and the foetus were found intact. Following the 
operation the patient bled considerably and it became necessary to pack the 
uterus. The temperature then rose from an essentially normal level to 103° to 
105°F. Streptococcus viridans was recovered from the blood stream on several 
occasions and also from the vaginal discharge. The patient died of a generalized 
infection. 

Blood examinations. September 25, 1923. R.B.C. 3,390,000; Hb. (Sahli) 70%. 
October 15, 1923. R.B.C. 3,000,000; W.B.C. 12,400; Hb. (Sahli) 70%. 
October 19, 1923. W.B.C. 14,000. 

October 23, 1923. R.B.C. 1,300,000; W.B.C. 30,300; Hb. (Sahli) 30%. 


Autopsy 


The autopsy was performed by the writer, two and one-half hours after death. 

The body was that of a well developed and well nourished young female. The 
skin had an icteroid tint. 

Liver. The liver was greatly enlarged and extended 10 to 12 cm. below the 
costal margin. It weighed 4200 grams. The capsule was smooth. The color 
externally as well as on the cut surfaces was very light and the organ was pale. 
In consistence it was soft and homogenous. 

Spleen. The spleen was also enlarged and soft. It weighed 330 grams. The 
pulp was purplish in color, soft and bulged above the capsular edges. The lymph 
follicles were prominent. 

Pelvic organs. The broad ligament and ovarian veins were thrombosed. Ab- 
scesses were found in the broad ligaments and parametria. The uterus was small 
and the endometrium was dark andirregular. The uterine cavity contained a little 
bloody fluid. The ovaries and tubes were essentially negative. 

The bone marrow of one femur and of the ribs was red and friable. The lymph 
nodes were not enlarged, but the retroperitoneal group, unfortunately, were not 
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examined. ‘The other organs presented grossly nothing of importance. The cra- 
nium was not explored. 

A severe anemia was obvious from the marked pallor of the tissues and skin and 
the blood was definitely under color. 

Microscopic examination. Fixation by Zenker’s fluid; stain, methylene blue and 

eosin. 
Liver. The capillaries of the liver contained numerous cells, mainly of two 
types. One could easily recognize the small and scattered clusters of half a dozen 
to ten or more normoblasts and megaloblasts. The normoblasts contained only 
a little hemoglobin; their nuclei were lobulated, irregular and deeply stained. The 
megaloblasts, though sparse, presented a characteristic morphology. 

Cells of the other variety, found in small clumps, paired or singly, were large 
with vesicular nuclei, almost two-thirds the size of the nuclei of the liver cells. 
They contained one, two, or three nucleoli. The cytoplasm of these cells was 
rather abundant, often pale or slightly basophilic. A few of these contained fine 
neutrophilic granules, but similar cells with eosinophilic granules were not ob- 
served. Others of the large cells had coarsely basophilic granules, but not of the 
same type as those of the mast cells. These large cells were for the most part 
undifferentiated and resembled myeloblasts. These cells were in close relation 
with the endothelium and seemed to be sticking to it and some perhaps appeared 
to be a part of the endothelium. True myelocytes were exceedingly sparse and 
only neutrophilic were seen, while polymorphonuclear neutrophilic leucocytes were 
fairly numerous and occurred among the large cells. 

The two types of cells were also found intermingled, but for the most part they 
were in distinct colonies. An occasional megakaryocyte was found in the capilla- 
ries, but clusters of these cells were not encountered. 

In the periportal connective tissue one also saw various cells, but the predomi- 
nating ones were the small lymphocytes and polymorphonuclear neutrophilic 
leucocytes. A few eosinophilic leucocytes as well as small groups of eosinophilic 
myelocytes were easily identified. Among the cells in the connective tissue were 
a few of the large undifferentiated cells like those found in the capillaries. Un- 
mistakable megaloblasts and occasional normoblasts also occurred. A few cells 
here and there were discovered in mitotic division and resembled megaloblasts in 
morphology. The bile-ducts themselves presented no recognizable changes and 
the blood and lymph vessels were also normal. The connective tissue was not 
increased in amount. 

The hepatic cells were relatively pale and presented no noteworthy alterations. 
Occasional cells contained greenish pigments and perhaps a little hemosiderin. 
There was only a very slight amount of hemosiderin in the phagocytic capillary 
endothelial cells. The capillaries contained very little blood. ‘The sections were 
otherwise negative (Fig. 11). 

Spleen. The spleen contains a fair amount of blood and unfortunately much 
of it was laked. The pulp was exceedingly cellular. Prominent among the num- 
erous cells were large numbers of polymorphonuclear neutrophilic leucocytes and 
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nucleated red blood cells. Eosinophilic leucocytes and myelocytes were only 
fairly numerous. Mast cells were not observed. Very definite megaloblasts were 
scattered about. The erythrocytic cells were not found in closely packed groups 
but scattered; nevertheless, they were very numerous. The bulk of the other cells 
were large mononuclear cells with non-granular basophilic cytoplasm which re- 
sembled somewhat the plasma cells. These cells presented numerous mitoses. 
In the capillaries and even filling many of the small vessels, and also scattered 
throughout the pulp were the same large undifferentiated cells regarded as myelo- 
blasts. These cells were identical with the large cells described in the hepatic 
capillaries. A few nucleated red blood cells were found in the capillaries inter- 
mingled with the other cells. Small lymphocytes, aside from those in the lymph 
follicles, were not numerous. Megakaryocytes were not found. The lymph 
follicles were large and numerous and some had slightly hyperplastic centers. 
Other follicles showed fibrin deposits and degenerative changes. There were no 
changes of a chronic nature found in the spleen. 

Lymph nodes. Only the tracheobronchial group of nodes were available for 
microscopic study. These presented an unusually large number of eosinophilic 
myelocytes and leucocytes, as many as twenty to thirty per high-power field. The 
eosinophilic leucocytes were most numerous. These cells were lying among the 
small lymphocytes but none were found in mitosis. It was impossible to be 
certain of myeloblasts. 

In the sinuses were many neutrophilic polymorphonuclear leucocytes, various 
other cells and delicate fibrin deposits—apparently an acute inflammatory re- 
action. Eosinophilic leucocytes were not present in the sinuses. Nowhere was 
there evidence of the local proliferation of red blood cells, and megakaryocytes 
were not found. Coal pigment was fairly abundant, but hemosiderin was absent. 

Bone marrow. The bone marrow was very cellular and most of the adipose 
tissue had been replaced by the hyperplastic blood-forming elements. Especially 
prominent were the large foci of neutrophilic polymorphonuclear leucocytes and 
the large undifferentiated cells, the myeloblasts, identical with those found in the 
liver and spleen. Eosinophilic myelocytes and leucocytes were not so numerous 
as they frequently are in such marrow. Erythryopoiesis was marked. Mega- 
karyocytes occurred in small clusters of two to four cells. Hemosiderin was 
practically absent (Fig. 10). 

Kidneys. Here and there in the medulla were small scars with collections of 
large cells which were mostly large plasma cells and small lymphocytes. Among 
these mononuclear elements were numerous eosinophilic leucocytes and myelo- 
cytes, as many as fifteen to twenty-five per high-power field. Scattered neutro- 
philic polymorphonuclear leucocytes were also seen and probably a few myelo- 
blasts. Nucleated red blood cells or megaloblasts were absent. Otherwise the 
kidneys presented nothing of importance. 

Broad ligaments. Sections from the broad ligaments and from the parametria 
revealed well marked inflammatory changes, characterized by thrombosis of the 
large veins, with organization, perivascular infiltration by numerous mononuclear 
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cells and leucocytes, scarring and edema. The vessels were generally dilated. 
Old areas of hemorrhage were marked by hemosiderin deposits. 

Lying in the edges of the organized thrombi one saw small groups and occasional 
large patches of blood-forming cells. Nests of nucleated red blood cells and a few 
intermixed megaloblasts were especially common. In one large patch were 
myeloblasts, scattered myelocytes and leucocytes, occasional megakaryocytes, 
numerous normoblasts and a few megaloblasts. These cells were scattered about 
in the old fibrin deposits and were mostly intravascular but also partially in the 
walls of the vessel. Certain other small vessels were surrounded and partially 
filled with normoblasts and megaloblasts. Scattered among the large swollen 
plasma cells and large mononuclear phagocytes were unmistakable megaloblasts 
and a few normoblasts, as well as myelocytes and foci of differentiating leucocytes. 
It should be mentioned that the wandering or inflammatory cells in these sections 
were predominating. A fair number of scattered mast cells were observed (Figs. 
12 and 13). 

There was also very suggestive perivascular blood formation in one mesosalpinx. 
The uterine tubes, however, were essentially negative. 

The section of the uterus revealed an extensive and progressing endometritis 
and metritis with thrombosis of the vessels. No blood formation was observed, 
but mast cells were very numerous. 

Breasts. There was no evidence found of hematopoiesis in the breasts. The 
acinar tissue was hyperplastic and showed slight secretion. A few scattered 
mononuclear cells were lying in the supporting tissue. 

Blood. ‘The blood observed in the large vessels in the several sections revealed 
a few circulatory normoblasts and a few apparent early myeloid cells. The vessels 
generally contained large numbers of neutrophilic polymorphonuclear leucocytes. 


Comment 


There were two obvious etiological factors which contributed to the 
anemia in this case, namely, prolonged hemorrhage and sepsis. The 
anemia as shown by the clinical findings was confirmed by the post- 
mortem examination. Blood smears were not made. The interest- 
ing features, however, were the changes concerned with extramedul- 
lary blood production. The red and hyperplastic bone marrow was 
not an unusual finding in such an anemic individual. 

In the liver and spleen there was very definite evidence of blood 
formation, especially in the capillaries of the former. There was 
considerable difficulty in interpreting the findings in the periportal 
connective tissue, but undoubted blood formation was under way. At 
least a part of the polymorphonuclear leucocytes were cells formed 
in silu, particularly the eosinophilic ones. Regarding the others one 
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could not be certain. The spleen, aside from the ee ac- 
tivity, was not unlike an acute splenic tumor. 

In the lymph nodes there was probably slight leucopeiesis, as re- 
vealed by the large numbers of eosinophilic cells in the parenchyma. 
The same is also true regarding the kidneys. 

Blood formation as described in the broad ligaments and para- 
metria was unique and constituted the first recorded observation of 
this sort. It is important in this respect to bear in mind the similar 
findings in the broad ligaments of newborn babies and infants. 

In summary, we have the case of a young woman who suffered from 
chronic secondary anemia due to repeated hemorrhages and sepsis 
which produced a marked stimulation of the bone marrow together 
with undoubted compensatory blood formation in the organs, as well 
as in the broad ligaments, and, of particular interest in the organizing 
thrombi of the broad ligament veins. 


SUMMARY AND DISCUSSION 


It has been shown that large red masses of proliferating hemato- 
poietic tissue may occur in anemic infants, particlarly in the hiluses 
of the kidneys and in my case in the falx cerebri. Such masses often 
assume tumor-like proportions and grossly may resemble splenic 
tissue. Microscopically, the masses were composed of all the blood- 
forming cells except the large mononuclear, transitional or endothelial 
cells. A very few lymphocytes have been found by some observers 
but these cells have formed no conspicuous part of the red masses. 
The erythrocytic cells have predominated. Hemosiderin deposits 
have been frequently observed. 

It seems most logical to regard the large red tumor-like masses of 
hematopoietic deposits as examples of compensatory growth of the 
blood in anemic subjects and similar to the microscopic foci of the 
blood formation often found in the organs or in animals under experi- 
mental conditions. Just why the hematopoietic tissue should assume 
such large proportions in infants in the renal hilus and dura is obscure, 
but the marked growth potential of infants, coupled with sufficient 
stimuli of the hematopoietic system, are undoubtedly important 
factors. The large red masses probably arise from the tiny foci of 
blood-forming elements which are sometimes found in the renal hilus. 
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It would also seem possible for similar masses to arise in the broad 
ligaments, breasts and elsewhere, in view of the microscopic findings 
in these locations. , 

A noteworthy point has been the frequent occurrence of red lymph 
nodes in the anemic infants and children. In a few cases this change 
has been generalized, but more often it has been confined to regional 
groups of nodes. In the vast majority of cases the red color has been 
due to the marked local growth of the blood cells, especially of the 
hemoglobin-containing elements. In the same individual one may 
find red lymph nodes wherein there is circulating blood in the lymph 
sinuses; the hemal lymph nodes. Even a combination of the two 
processes may be found. Phagocytosis of red blood cells in the hemal 
lymph nodes has not been a finding of importance. 

In addition to the myeloid reaction in the kidneys and lymph nodes 
of infants and children, similar changes were generally found in the 
spleen, liver, and sometimes in the thymus. When the spleen had 
become extensively fibrosed, as was commonly observed, blood forma- 
tion was very slight, but hematopoiesis was not always a marked 
feature even in the more hyperplastic spleens. For some reason or 
other and in contrast to the findings in adults, the liver frequently 
presented relatively little hematopoiesis and in some cases it was 
practically absent. Changes in the thymus were quite variable, but 
here red blood cell formation in particular was occasionally extensive. 
Other structures were occasionally involved in anemic infants, such 
as the lungs, appendix and dura mater. 

In non-anemic infants apparently normal blood formation has been 
observed in the broad ligaments, breasts, prostate gland, kidneys, 
epididymis, palms and soles. These structures should always be 
examined in anemic infants, especially in cases showing evidence of 
myeloid changes elsewhere. 

The special sites of predilection in adults for extramedullary blood 
production have been very much the same as in the young. The liver 
and spleen were especially important organs, while in the lymph nodes 
and kidneys the changes were less common. In the spleen the hema- 
topoietic tissue may form fair-sized red areas. Myeloid activity may 
occur in the pleura and the writer has observed it in the broad liga- 
ments and parametria and in organizing thrombi of the broad ligament 


ae 


= 
|_| 
2 


128 DORSEY BRANNAN 


veins. The myeloid changes of the organs did not always involve all 
of the blood-forming elements, but generally included the erythrocytes 
and granulocytes. In other instances, in addition to the white and 
red cells, the megakaryocytes were proliferating and in rare cases the 
megakaryocytes alone were abundant almost to the exclusion of the 
blood elements. 

The bone marrow both in the young and in the adults has presented 
a variable appearance. In a few of the cases in infants and children 
it was slightly fibrosed but this was only a microscopic finding. Al- 
most without exception, in the anemic babies, the marrow was red 
and hyperplastic, showing a predominance of erythrocytic cells. The 
cranial bosses in rachitic infants in at least two cases were red, due to 
the abundant red marrow showing through the very thin outer tables 
of the bones. In a fair number of adults the marrow had been replaced 
by fibrous or tumor tissue, crowding out the myeloid cells. In those 
instances that showed an uncomplicated anemia and sepsis or both, 
the marrow was very hyperplastic. 

In this connection, it is well to consider the significance of extra- 
medullary hematopoiesis either in the presence of an active or of a 
destroyed bone marrow. In the cases that have sustained a wide- 
spread destruction of the marrow, it is not difficult to conceive of a 
compensatory growth of blood-forming tissue in the organs, which had 
this function during foetal life. In such cases wherein a very active 
marrow was found it seems logical to assume that the marrow was 
unable to keep pace with the rapid blood destruction. In either con- 
dition, because of insufficient blood production, there had resulted a 
reversion to the foetal type of blood formation. Extramedullary 
hematopoiesis should be regarded as a compensatory reaction or hyper- 
trophy of the blood and as somewhat comparable to the compensatory 
hypertrophy of a single kidney in the absence of its fellow. The 
extramedullary production of blood, in the experimental anemias, has 
also been considered as a reversion to the foetal type of blood forma- 
tion and a compensatory reaction by most of the authors who have 
given this point consideration. 

The origin of the early blood cells observed in the organs and tissues 
that showed evidence of proliferation has given rise to much discussion. 
There are two main views, namely the autochthonous and metastatic 
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theories. That metastasis from the bone marrow may occur in very 
severe cases of anemia is borne out by the observations of Moorhead 
and myself. Moorhead described dividing red blood cells in the 
peripheral blood of an anemic infant and the writer saw red blood 
cells in apparent mitosis in Case I. To what extent this process 
occurs is unknown, but it cannot be absolutely excluded and it may 
parallel that which occurs in leukemia. Many of the lymph nodes 
of the anemic infants, in particular, contained large numbers of 
eosinophilic cells, yet these cells have been relatively spaced in the 
circulating blood. The same may be said of megakaryocytes. Such 
findings would be against a metastatic distribution. At the same 
time, the circulation under certain conditions may contain numerous 
megakaryocytes and it seems possible that some of them might lodge 
in the small vessels and grow. 

The majority of authors, those who have studied human cases, 
as well as those who have dealt with the experimental anemias, be- 
lieve in the local or autochthonous origin of the blood elements. Many 
authors express their views as follows; “reversion to an embryonic”’ 
or “foetal type” of blood formation. A fair number regard the con- 
dition as one of metaplasia. Since we have well established evidence 
of the normal formation of blood outside the bone marrow during 
intra-uterine life, it seems most probable that this original function 
of the liver, spleen, lymph nodes, thymus, and other tissues may in 
later life, when adequately stimulated, again assume a part of the load 
of blood production. In view of the data presented here concerning 
blood formation in the broad ligaments of infants, one may perhaps 
regard the hematopoietic activity in the broad ligaments of Case II 
as a reversion to the foetal or infantile type of blood formation. 

It is of interest to recall the work of Sabin and her co-workers on 
the origin of the blood cells. Sabin, working independently in 1920, 
derived the erythrocytes from the vascular endothelium of the blas- 
toderm. Four years later, in conjunction with Doan and Cunningham, 
she found that the red blood cells of adults were also formed from the 
vascular endothelium and that the white blood cells sprang from an 
undifferentiated reticulum cell. In other words, the red and white 
blood cells arise from different stem cells. In the study of my mate- 
rial, especially in the broad ligaments of the adult and infants, isolated 
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foci of erythropoiesis and Jeucopoiesis were clearly defined. There- 
foie, the cell nests of type cells in extramedullary hematopoiesis may 
be distinct, and conform to those shown by Selling and Bunting to 
occur in the aplastic bone marrow of experimental animals. The 
observations of Selling and Bunting, as well as the occurrence of 
distinct foci of type cells in extramedullary blood formation, would 
support the work of the three authors just mentioned. Dieckman 
and Graetz, in particular, are two of the few authors who discuss the 
possibility of the origin of the white blood cells from the vascular 
endothelium. In Case II there was a suggestive relationship between 
the capillary endothelium of the liver and the myeloblasts, but one 
could not say that the white or red blood cells arose from the endo- 
thelium. 


CONCLUSIONS 


1. Extramedullary hematopoiesis is a fairly common finding in 
certain anemias of infancy and childhood, and large tumor-like growths 
of hematopoietic tissue may occur, particularly in the hiluses of the 
kidneys. 

2. Blood formation outside the bone marrow is occasionally ob- 
served in the severe anemias of adults, even in the presence of a hyper- 
plastic bone marrow. Hematopoiesis may be observed in the broad 
ligaments and in organizing thrombi, as well as in the usual sites. 

3. Extramedullary blood production is to be regarded as a compen- 
satory reaction. 

4. Blood production may be observed in the broad ligaments and 
breasts of infants, under apparently normal conditions. 

5. In extramedullary hematopoiesis the process appears to start in 
foci of type cells, either erythropoiesis or leukopoiesis, which sub- 
stantiates previous observations regarding blood formation in the bone 
marrow. 
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PLATE 1 


Fic. 1. (Case I.) A natural size and color reproduction of a cross-section of 
right kidney of Case I, showing the large red hilic mass, and the small scattered 
foci of hematopoetic tissue in the renal parenchyma. 
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Fics. 2 AND 3. (Case I.) Low and high power magnifications of the blood- 
forming tissue from the falx cerebri. Note the pale streak of large cells, the 
myelocytes and myeloblasts across the middle of figure 2; also the predominance 
of normoblasts in both figures. Several megakaryocytes are conspicuous in each. 
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PLATE 3 

Fic. 4. (Case 1.) A high power view of the red hematopoietic mass from the 
renal pelvis, showing the abundance of normoblasts, several megakaryocytes, and 
immature white blood cells. 

Fic. 5. The bone marrow from the femur, which presents a predominance 
of nucleated red blood cells. 
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PLATE 4 


Fics. 6 AND 7. (Case I.) Two different areas of the spleen, showing the 
marked fibrosis and atrophy of parenchyma. Note the thickening about the 
vessel in Figure 7. 


OF 
Mor 


BULLETIN OF THE JOHNS HOPKINS HOSPITAL PLATE 4 


FIG. 6 

FIG. 7 : 


OF 


PLATE 5 
Fics. 8 anp 9. (Case I.) Lymph nodes which present different pathological 


changes. Figure 8 is a hemal lymph node, while in Figure 9 the structure of the 
node has been replaced by the blood-forming elements. 
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Fic. 10. (Case II.) The hyperplastic bone marrow. 
Fic. 11. Two sections from the liver showing the numerous myeloid cells in 
the capillaries. 
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Fic. 12. (Case II.) <A focus of erythropoiesis from the broad ligament. 
Fic. 13. An area of leucopoiesis from the broad ligament. The deeply stained 
cells are eosinophilic myelocytes. 
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Fic. 14. Blood formation found in the breast of the infant mentioned in the 
text. The large cells are myelocytes and myeloblasts. The one very dark and 
large cell to the right is an eosinophilic myelocyte. Note the cluster of nucleated 
red blood cells in the lower left corner. 

Fic. 15. Hematopoiesis as found in the broad ligaments of one of the infants 
mentioned in the text. The cells are mostly nucleated red blood cells and myelo- 
cytes and myeloblasts. One myelocyte, just to the left of the center and near 
the bottom of the figure, is undergoing mitotic division. 
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BOOK REVIEWS 


Applied Physiology. By Samson Wricut, M.D. 382 pp. $4.50. (Oxford 
University Press, 1920.) 

Dr. Wright’s book is an excellent compendium of physiological information, 
written primarily for the use of the practitioner who has need of a reference book 
giving the facts of physiology in their relation to medicine. It is not intended as a 
textbook, for it assumes a general knowledge of physiology and does not attempt to 
give a complete presentation of any subject. It is limited, in a very satisfactory way, 
to the facts of physiology that have a practical bearing on medical problems. 

In the first section on the nervous system, considerable space is devoted to the 
clinical manifestations of lesions in the central nervous system. ‘The section on the 
ductless glands gives an excellent analysis of the different types of tetany and the 
most recent work on the parathyroid hormone. In the section on blood, special 
attention is paid to the disturbances resulting’in the various types of jaundice and 
anaemia, and to the factors concerned in, the acid-base equilibrium of the blood. 
Under the section on the heart the various methods of obtaining the heart output 
are given in detail, and in the section on respiration considerable attention is paid to 
the causes of anoxaemia, cyanosis, and dyspnoea. Under metabolism the recent 
work on insulin and on vitamines is concisely summarized. 

These are only a few examples of the practical applications of physiology to medi- 
cine that the author has given in a very clear and condensed form. ‘The only criti- 
cism to be made of the material is that the recent work, in particular, is taken almost 


altogether from English and American sources. 
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